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S P E C I F I C A T I O N  

ULTRA-FINE  SPHERICAL  PARTICLES  OF  METAL  OXIDE  AND  A  METHOD 

FOR  THE  PREPARATION  THEREOF 

F i e l d   of  t e c h n o l o g y  

This   i n v e n t i o n   r e l a t e s   to  u l t r a - f i n e   s p h e r i c a l   p a r t i c l e s  

af  a  m e t a l   o x i d e   h a v i n g   an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  400  A 

>r  s m a l l e r   and  a  p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n   in  the   r a n g e  
o 

from  50  to  500  A  and  a  me thod   f o r   the   p r e p a r a t i o n   t h e r e o f .  

3 a c k g r o u n d   t e c h n o l o g y  

V a r i o u s   m e t h o d s   a r e   known  as  a  m e t h o d   f o r   the   p r e p a r a t i o n  

)f  f i n e   p a r t i c l e s   of  an  o x i d e   of  a  m e t a l   such   as  t i t a n i u m ,   z i r -  

:onium  and  t he   l i k e .  

T i t a n i u m   d i o x i d e ,   f o r   e x a m p l e ,   is  w i d e l y   u s e d   in  the   f i e l d s  

>f  c o s m e t i c s ,   p a i n t s   and  o t h e r s   by  v i r t u e   of  the   e x c e l l e n t  

/ e a t h e r a b i l i t y   and  s t r o n g   h i d i n g   p o w e r .   Known  m e t h o d s   f o r   t h e  

r e p a r a t i o n   of  t i t a n i u m   d i o x i d e   i n c l u d e   the   s u l f u r i c   a c i d   p r o c e s s  

.n  wh ich   an  a q u e o u s   s o l u t i o n   of  t i t a n i u m   s u l f a t e   is   n e u t r a l i z e d  

" o l l o w e d   by  c a l c i n a t i o n   of  the   t h u s   f o r m e d   p r e c i p i t a t e s   and  t h e  

i h l o r i n e   p r o c e s s   in  w h i c h   t i t a n i u m   t e t r a c h l o r i d e   is   p y r o l y z e d  

■nd  o x i d i z e d   a t   a  h i g h   t e m p e r a t u r e .   In  t h e s e   c o n v e n t i o n a l   m e t h o d s  

'or  the   p r e p a r a t i o n   of  t i t a n i u m   d i o x i d e   of  r u t i l e   t y p e ,   h o w e v e r ,  

; rowth   of  p a r t i c l e s   t a k e s   p l a c e   in  t he   c o u r s e   of  the   m a n u f a c t u r i n g  

• r o c e s s   so  t h a t   t he   d i a m e t e r   of  t he   t h u s   p r o d u c e d   t i t a n i u m   d i o x i d e  

• a r t i c l e s   is  so  l a r g e   as  to  e x c e e d   1  ^im. 

A c c o r d i n g   to  t he   d i s c l o s u r e   by  F u n a k i ,   S a e k i ,   et   a l .   i n  

:ogyo  Kagaku  Z a s s h i ,   v o l .   59,  No.  11,  page  1291  ( 1 9 5 6 ) ,   i t   w a s  
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e s t a b l i s h e d   t h a t   f i n e   p a r t i c l e s   of  a n a t a s e - t y p e   t i t a n i u m   d i o x i d e  

can   be  p r o d u c e d   by  m i x i n g   t i t a n i u m   t e t r a c h l o r i d e   and  w a t e r   in  t h e  

v a p o r   p h a s e   a t   a  t e m p e r a t u r e   in  the   r a n g e   f rom  200  to  800  °C  o r  

f i n e   p a r t i c l e s   of  a n a t a s e - t y p e   t i t a n i u m   d i o x i d e   c o n t a i n i n g   o r  

n o t   c o n t a i n i n g   a  v e r y   s m a l l   a m o u n t   of  r u t i l e - t y p e   p a r t i c l e s   c a n  

be  p r o d u c e d   by  the   r e a c t i o n   of  t i t a n i u m   t e t r a c h l o r i d e   and  w a t e r  

in   t h e   l i q u i d   p h a s e .   These   m e t h o d s ,   h o w e v e r ,   can  p r o d u c e   o n l y  

p a r t i c l e s   of  i r r e g u l a r   s h a p e s   and  no  s p h e r i c a l   p a r t i c l e s   can  b e  

o b t a i n e d   t h e r e b y .  

As  a  m e t h o d   f o r   p r e p a r i n g   s p h e r i c a l   p a r t i c l e s   of  a  m e t a l  

o x i d e ,   on  t h e   o t h e r   h a n d ,   t h e r e   a re   known  a  m e t h o d   in  w h i c h   a  

h y d r o l y z a b l e   t i t a n i u m   (IV)  compound  in  t he   form  of  a  l i q u i d  

a e r o s o l   i s   h y d r o l y z e d   by  b e i n g   c o n t a c t e d   w i t h   w a t e r   v a p o r   in  a  

d y n a m i c   f l o w   ( s e e   U.S .   P a t e n t   No.  9 1 6 , 8 8 3 )   and  a  m e t h o d   in  w h i c h  

a  p r e c u r s o r   of  a  m e t a l   o x i d e   in  the   form  of  a  v e r y   f i n e   d r o p l e t  

s u s p e n s i o n   of  t he   l i q u i d   is  h e a t e d   and  g a s i f i e d   by  e v a p o r a t i o n  

and  t h e r m a l   d e c o m p o s i t i o n   and  t h e n   c o n t a c t e d   and  r e a c t e d   w i t h  

an  o x y g e n - c o n t a i n i n g   gas  in  the   v a p o r   p h a s e   to  g i v e   s p h e r i c a l  

f i n e   p a r t i c l e s   of  t h e   m e t a l   o x i d e   ( s e e   J a p a n e s e   P a t e n t   K o k a i  

5 9 - 1 0 7 9 0 4   and  5 9 - 1 0 7 9 0 5 ) .  

The  s p h e r i c a l   m e t a l   o x i d e   p a r t i c l e s   o b t a i n e d   in  each   o f  

t h e s e   m e t h o d s ,   h o w e v e r ,   have  an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  a t  

L e a s t   50  nm  w i t h ,   in  a d d i t i o n ,   v a r i a t i o n s   in  t h e   p a r t i c l e   d i a m e t e r .  

In  o r d e r   to  d i s s o l v e   t h e s e   d e f e c t i v e   p o i n t s   in  t he   p r i o r  

i r t ,   t h e   i n v e n t o r s   have   p r e v i o u s l y   p r o p o s e d   a  m e t h o d   a c c o r d i n g  

bo  w h i c h   t i t a n i u m   d i o x i d e   in  a  s p h e r i c a l   and  e x t r e m e l y   f i n e  

p a r t i c u l a t e   form  can  be  p r e p a r e d   by  t h e   t h e r m a l   d e c o m p o s i t i o n   o f  

a.  t i t a n i u m   a l k o x i d e   ( J a p a n e s e   P a t e n t   A p p l i c a t i o n   5 9 - 4 1 2 9 0 ) .  



-  3  -  0 2 1   4 3 0 8  

A l t h o u g h   s p h e r i c a l   and  u l t r a - f i n e   p a r t i c l e s   of  t i t a n i u m  

d i o x i d e   can  be  f o r m e d   in  a  r e l a t i v e l y   s i m p l e   p r o c e d u r e   a c c o r d i n g  

to  t h i s   m e t h o d ,   a  p r o b l e m   t h e r e i n   is  t h a t   t he   t i t a n i u m   d i o x i d e  

p a r t i c l e s   f i n a l l y   o b t a i n e d   c a n n o t   be  s p h e r i c a l   and  u l t r a - f i n e  

u n l e s s   t he   c o n c e n t r a t i o n   i s   e x t r e m e l y   low  due  to  t h e   b o n d i n g   a n d  

c o a l e s c e n c e   of  the   u l t r a - f i n e   p a r t i c l e s   of  t i t a n i u m   d i o x i d e   a s  

f o r m e d   . 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r   t h e   p r e p a r a -  

t i o n   of  u l t r a - f i n e   s p h e r i c a l   p a r t i c l e s   of  a  m e t a l   o x i d e   f r e e d  

f rom  t he   above   d e s c r i b e d   p r o b l e m s   and  the   o b j e c t   t h e r e o f   is   t o  

p r e p a r e   u l t r a - f i n e   s p h e r i c a l   p a r t i c l e s   of  a  m e t a l   o x i d e ,   in  t h e  

d e c o m p o s i t i o n   of  a  v a p o r i z a b l e   m e t a l   compound  to  form  u l t r a - f i n e  

p a r t i c l e s   of  the   m e t a l   o x i d e ,   by  p r e v e n t i n g   c o a l e s c e n c e   of  t h e  

p a r t i c l e s   . 

D i s c l o s u r e   of  the   i n v e n t i o n  

N a m e l y ,   the   p r e s e n t   i n v e n t i o n   p r o v i d e s   u l t r a - f i n e   s p h e r i c a l  

p a r t i c l e s   of  a  m e t a l   o x i d e   h a v i n g   .  an  a v e r a g e   p a r t i c l e   d i a m e t e r  

of  40  nm  or  s m a l l e r   and  a  p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n   in  t h e  

r a n g e   f rom  5  to  50  nm  and  a  m e t h o d   f o r   the   p r e p a r a t i o n   of  u l t r a -  

f i n e   s p h e r i c a l   p a r t i c l e s   of  a  m e t a l   o x i d e   h a v i n g   an  a v e r a g e   p a r -  

t i c l e   d i a m e t e r   of  40  nm  or  s m a l l e r   and  a  p a r t i c l e   d i a m e t e r   d i s -  

t r i b u t i o n   in  the   r a n g e   f rom  5  to  50  nm  c h a r a c t e r i z e d   in  t h a t   a  

v a p o r i z a b l e   m e t a l   compound   is   v a p o r i z e d   and  t h e n   d e c o m p o s e d   b y  

h e a t i n g   to  be  c o n v e r t e d   i n t o   u l t r a - f i n e   p a r t i c l e s   of  t he   m e t a l  

o x i d e   and  the   d e c o m p o s i t i o n   is   i m m e d i a t e l y   f o l l o w e d   by  c o o l i n g  

to  a  t e m p e r a t u r e   a t   w h i c h   no  c o a l e s c e n c e   of  t h e   a b o v e   m e n t i o n e d  

u l t r a - f i n e   p a r t i c l e s   of  t he   m e t a l   o x i d e   t a k e s   p l a c e .  

The  d e c o m p o s i t i o n   of  t h e   v a p o r i z a b l e   m e t a l   compound   as  t h e  
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s t a r t i n g   m a t e r i a l   can  be  mere  t h e r m a l   d e c o m p o s i t i o n   bu t   is  p e r -  

f o r m e d   p r e f e r a b l y   in  t h e   p r e s e n c e   of  w a t e r   v a p o r   u n d e r   h e a t i n g  

a n d ,   in   p a r t i c u l a r ,   i t   i s   p r e f e r a b l e   t h a t   t h e   d e c o m p o s i t i o n   i s  

p e r f o r m e d   in   t h e   p r e s e n c e   of  30  to  120  t i m e s   by  m o l e s   of  w a t e r  

v a p o r   b a s e d   on  t h e   m e t a l   c o m p o u n d .   F u r t h e r ,   t h e   d e c o m p o s i t i o n  

of  t h e   m e t a l   c o m p o u n d   s h o u l d   be  p e r f o r m e d   a t   a  t e m p e r a t u r e   o f  

600  °C  or  b e l o w .  

The  m e t a l   o x i d e   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   is   m a i n l y  

an  o x i d e   of  t i t a n i u m   or  an  o x i d e   of  z i r c o n i u m   and  i s   in  a  s p h e r -  

i c a l   fo rm  h a v i n g   a  s m a l l   p a r t i c l e   d i a m e t e r   w i t h   l i t t l e   v a r i a -  

t i o n   in  t h e   p a r t i c l e   d i a m e t e r .  

B r i e f   d e s c r i p t i o n   of  t h e   d r a w i n g  

FIGURE  1  i l l u s t r a t e s   t h e   m e c h a n i s m   f o r   t h e   f o r m a t i o n   o f  

t h e   u l t r a - f i n e   p a r t i c l e s   of  t h e   m e t a l   o x i d e   and  FIGURES  2  and  3 

a r e   e a c h   a  s c h e m a t i c   i l l u s t r a t i o n   of  a  d i f f e r e n t   e m b o d i m e n t   o f  

t h e   a p p a r a t u s   u s e d   in  t h e   i n v e n t i v e   m e t h o d .   In  t h e   f i g u r e s ,   h e l i u m  

f o r   c o o l i n g ,   c a r r i e r   gas  and  a i r   f o r   c o o l i n g   a r e   i n d i c a t e d   b y  

a,  b  and  c,  r e s p e c t i v e l y   ( t h e   same  h e r e i n b e l o w )   .  FIGURE  J+  i s  

an  e l e c t r o n ,   m i c r o p h o t o g r a p h   of  5 0 , 0 0 0   m a g n i f i c a t i o n   s h o w i n g   t h e  

p a r t i c u l a t e   s t r u c t u r e   of  t h e   f i n e   p a r t i c l e s   of  z i r c o n i u m   o x i d e  

o b t a i n e d   in   E x a m p l e   1  and  FIGURE  5  i s   an  X - r a y   d i f f r a c t i o n   d i a -  

gram  of  t h e   same  f i n e   p a r t i c l e s .   In  t h e   f i g u r e ,   &  is   t he   B r a g g  

a n g l e   ( t h e   same  h e r e i n b e l o w ) .   FIGURE  6  i s   an  e l e c t r o n   m i c r o p h o t o -  

g r a p h   of  1 0 , 0 0 0   m a g n i f i c a t i o n   s h o w i n g   t he   p a r t i c u l a t e   s t r u c t u r e  

of  t h e   f i n e   p a r t i c l e s   of  z i r c o n i u m   o x i d e   o b t a i n e d   in  C o m p a r a t i v e  

E x a m p l e   1  .  FIGURE  7  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  an  e m b o d i m e n t  

of  t h e   a p p a r a t u s   u s e d   in  t h e   i n v e n t i v e   m e t h o d   and  t he   c a r r i e r  

gas  and  c o o l i n g   w a t e r   a r e   i n d i c a t e d   by  b  and  d,  r e s p e c t i v e l y ,  
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in  t he   f i g u r e   ( t h e   same  h e r e i n b e l o w ) .  

FIGURE  8  i s   an  e l e c t r o n   m i c r o p h o t o g r a p h   of  3 0 , 0 0 0   m a g n i f i -  

c a t i o n   s h o w i n g   t he   p a r t i c u l a t e   s t r u c t u r e   of  the   f i n e   p a r t i c l e s  

of  t i t a n i u m   o x i d e   o b t a i n e d   in  Example   2  and  FIGURE  9  i s   an  e l e c -  

t r o n   m i c r o p h o t o g r a p h   of  3 0 , 0 0 0   m a g n i f i c a t i o n   s h o w i n g   t he   p a r t i -  

c u l a t e   s t r u c t u r e   of  t he   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   o b t a i n e d  

in  C o m p a r a t i v e   E x a m p l e   2 .  

FIGURE  10  is   a  s c h e m a t i c   i l l u s t r a t i o n   of  an  e m b o d i m e n t   o f  

the   a p p a r a t u s   u s e d   in  E x a m p l e s   3  to  5  of  t he   p r e s e n t   i n v e n t i o n ,  

FIGURE  11  is  a  g r a p h   s h o w i n g   the   r e l a t i o n s h i p   b e t w e e n   the   m o l a r  

r a t i o   of  w a t e r   to  t he   s t a r t i n g   m a t e r i a l   and  the   y i e l d   in  E x a m p l e  

3  of  the   p r e s e n t   i n v e n t i o n ,   FIGURE  12  i s   an  e l e c t r o n   m i c r o p h o t o -  

g r a p h   s h o w i n g   t he   p a r t i c u l a t e   s t r u c t u r e   by  t he   TEM  image   of  t h e  

f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   o b t a i n e d   in  Example   3  of  t h e  

p r e s e n t   i n v e n t i o n ,   FIGURE  13  is   an  e l e c t r o n   m i c r o p h o t o g r a p h  

s h o w i n g   the   p a r t i c u l a t e   s t r u c t u r e   by  the   TEM  image  of  t he   f i n e  

p a r t i c l e s   of  t i t a n i u m   o x i d e   o b t a i n e d   in  E x a m p l e   U  of  t he   p r e s e n t  

i n v e n t i o n ,   FIGURE  14  i s   an  e l e c t r o n   m i c r o p h o t o g r a p h   s h o w i n g   t h e  

p a r t i c u l a t e   s t r u c t u r e   by  t he   TEM  image  of  t he   f i n e   p a r t i c l e s  

of  t i t a n i u m   o x i d e   o b t a i n e d   in  Example   5  of  t he   p r e s e n t   i n v e n t i o n ,  

FIGURE  15  is   a  s c h e m a t i c   i l l u s t r a t i o n   of  an  e m b o d i m e n t   of  t h e  

a p p a r a t u s   used   in  E x a m p l e   6  of  t h e ,   p r e s e n t   i n v e n t i o n ,   FIGURE  16  

is  an  e l e c t r o n   m i c r o p h o t o g r a p h   s h o w i n g   t he   p a r t i c u l a t e   s t r u c t u r e  

by  the   TEM  image  of  t he   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   o b t a i n e d  

in  Example   6  of  t he   p r e s e n t   i n v e n t i o n   and  FIGURE  17  i s   a  s c h e m a -  

t i c   i l l u s t r a t i o n   of  an  e m b o d i m e n t   of  t he   a p p a r a t u s   u s e d   in  E x a m -  

ple  7  of  the   p r e s e n t   i n v e n t i o n   and  e  in  t he   f i g u r e   i n d i c a t e s  

h igh   t e m p e r a t u r e   s t e a m   ( t h e   same  h e r e i n b e l o w ) .   FIGURE  18  i s   a n  
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e l e c t r o n   m i c r o p h o t o g r a p h   s h o w i n g   t h e   p a r t i c u l a t e   s t r u c t u r e   b y  

t h e   TEM  i m a g e   of  t h e   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   o b t a i n e d  

in  E x a m p l e   7  of  t h e   p r e s e n t   i n v e n t i o n .  

FIGURE  19  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  an  e m b o d i m e n t   o f  

t h e   a p p a r a t u s   u s e d   in   E x a m p l e s   8  to  11  of  t h e   p r e s e n t   i n v e n t i o n  

and  FIGURE  20  i s   an  X - r a y   d i f f r a c t i o n   d i a g r a m   of  t he   f i n e   p a r t i -  

c l e s   of  t i t a n i u m   o x i d e   o b t a i n e d   in  E x a m p l e   8.  FIGURES  21  to  4 3  

a r e   e a c h   an  e l e c t r o n   m i c r o p h o t o g r a p h   s h o w i n g   the   p a r t i c u l a t e  

s t r u c t u r e   of  t h e   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   o b t a i n e d   i n  

E x a m p l e s   8  to   11,  C o m p a r a t i v e   E x a m p l e s   3  and  4,  E x a m p l e s   12  t o  

16,   C o m p a r a t i v e   E x a m p l e s   5  and  6,  E x a m p l e s   17  to  24.  and  C o m p a r a -  

t i v e   E x a m p l e s   7  and  8,  r e s p e c t i v e l y ,   of  t h e   p r e s e n t   i n v e n t i o n .  

FIGURE  44  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  an  e m b o d i m e n t   o f  

t h e   a p p a r a t u s   u s e d   in   E x a m p l e   17  of  t h e   p r e s e n t   i n v e n t i o n   a n d  

FIGURE  45  i s   an  X - r a y   d i f f r a c t i o n   d i a g r a m   s h o w i n g   the   r e l a t i o n -  

s h i p   b e t w e e n   t h e   r e a c t i o n   t e m p e r a t u r e   and  c r y s t a l l i n e   m o r p h o l o g y  

of  t h e   p r o d u c t s   in   E x a m p l e   18.  FIGURE  4-6  i s   an  X - r a y   d i f f r a c t i o n  

d i a g r a m   of  t h e   f i n e   p a r t i c l e s   of  z i r c o n i u m   o x i d e   o b t a i n e d   i n  

E x a m p l e   1 9 .  

FIGURE  4.7  i s   a  g r a p h   s h o w i n g   t h e   r e s u l t s   of  t he   u l t r a v i o l e t  

a b s o r b a n c e   in   E x a m p l e   25  and  C o m p a r a t i v e   E x a m p l e   9.  In  t he   f i g -  

u r e ,   A,  B,  C,  D  and  E  were   o b t a i n e d   by  u s i n g   the   p r o d u c t s   i n  

E x a m p l e   8,  E x a m p l e   10,  Example   11,  C o m p a r a t i v e   Example   3  a n d  

C o m p a r a t i v e   E x a m p l e   9,  r e s p e c t i v e l y .  

FIGURE  48  i s   a  g r a p h   s h o w i n g   t h e   c o l o r   t o n e   of  v i s i b l e  

l i g h t   in  A p p l i c a t i o n   E x a m p l e   1  ,  in  w h i c h   A  and  B  show  the   c a s e  

u s i n g   t h e   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   of  t he   p r e s e n t   i n v e n -  

t i o n   and  t h e   c a s e   u s i n g   the   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   f o r  
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c o m p a r a t i v e   p u r p o s e   and  FIGURE  49  g i v e s   the   c u r v e s   s h o w i n g   t h e  

a b s o r b a n c e   by  v a r i o u s   k i n d s   of  t i t a n i u m   o x i d e   s a m p l e s   in  t he   w a v e  

l e n g t h   r a n g e   f rom  200  to  400  nm.  

FIGURE  $0  is   a  g r a p h   s h o w i n g   the   t r a n s m i s s i v i t y   of  v i s i b l e  

l i g h t   in  A p p l i c a t i o n   E x a m p l e s   8  and  9  and  R e f e r e n c e   Example   3 ,  

of  w h i c h   A,  B  and  C  show  t h e   r e s u l t s   in  A p p l i c a t i o n   Example   8 ,  

A p p l i c a t i o n   E x a m p l e   9  and  R e f e r e n c e   Example   3,  r e s p e c t i v e l y .  

FIGURES  51  to  56  a r e   e a c h   an  e l e c t r o n   m i c r o p h o t o g r a p h   o f  

t h e   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   u sed   in  A p p l i c a t i o n   E x a m p l e s  

8,  9  i  10,  11  and  12  and  R e f e r e n c e   Example   3,  r e s p e c t i v e l y ,   FIGURE 

57  i s   an  e l e c t r o n   d i f f r a c t i o n   p a t t e r n   of  t he   f i n e   p a r t i c l e s   o f  

t i t a n i u m   o x i d e   in  R e f e r e n c e   Example   3  and  FIGURES  58  to  63  a r e  

e a c h   an  X - r a y   d i f f r a c t i o n   d i a g r a m   of  the   f i n e   p a r t i c l e s   of  t i t a -  

nium  o x i d e   u s e d   in  A p p l i c a t i o n   E x a m p l e s   8,  9,  10,  11  and  12  a n d  

R e f e r e n c e   E x a m p l e   3,  r e s p e c t i v e l y .   In  FIGURE  63,  t he   marks   O  

i n d i c a t e   r u t i l e - t y p e   t i t a n i u m   o x i d e   and  the   marks   A  i n d i c a t e  

a n a t a s e - t y p e   t i t a n i u m   o x i d e .  

FIGURE  64  is   a  g r a p h   s h o w i n g   the   t r a n s m i s s i v i t y   of  v i s i b l e  

l i g h t   in  A p p l i c a t i o n   E x a m p l e   13,  in  wh ich   A  shows  the   r e s u l t s  

by  use   of  t he   i n v e n t i v e   t i t a n i u m   o x i d e   ( E x a m p l e   14)  and  B  s h o w s  

the  r e s u l t s   by  use   of  a  c o m p a r a t i v e   t i t a n i u m   o x i d e   ( t r a d e   n a m e  

P - 2 5 ) .  

FIGURE  65  g i v e s   t he   c u r v e s   s h o w i n g   the   a b s o r b a n c e   by  v a r i o u s  

k i n d s   of  t i t a n i u m   o x i d e   s a m p l e s   in  the   wave  l e n g t h   r a n g e   f r o m  

200  to  400  nm. 

FIGURE  66  is   a  g r a p h   s h o w i n g   the   t r a n s m i s s i v i t y   of  v i s i b l e  

l i g h t   in  A p p l i c a t i o n   E x a m p l e s   14  to  18,  in  w h i c h   A,  B  and  C 

show  the   r e s u l t s   o b t a i n e d   by  use  of  t he   t i t a n i u m   o x i d e   s a m p l e s  
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of  E x a m p l e   8  and  E x a m p l e   24  and  a  c o m p a r a t i v e   t i t a n i u m   o x i d e ,  

r e s p e c t i v e l y   . 

In  t h e   f i g u r e s   i l l u s t r a t i n g   t h e   a p p a r a t u s e s ,   1  d e n o t e s   a n  

e v a p o r a t o r ,   2  d e n o t e s   a  c o o l e r ,   3  d e n o t e s   a  r e a c t o r ,   4  d e n o t e s  

an  i n n e r   t u b e   f o r   c o o l i n g ,   5  d e n o t e s   a  h e a t e r ,   6  d e n o t e s   a  c h e m -  

i c a l   pump,   7  d e n o t e s   a  v a p o r i z e r ,   8  d e n o t e s   g l a s s   w o o l ,   9  d e n o t e s  

a  c o o l i n g   t u b e ,   10  d e n o t e s   a  c o o l i n g   c h a m b e r ,   11  d e n o t e s   a  r e -  

c e i v e r   v e s s e l ,   12  d e n o t e s   a  f i l t e r ,   13  d e n o t e s   a  m o t o r ,   14 

d e n o t e s   t h e   s t a r t i n g   m a t e r i a l ,   15  d e n o t e s   a  h e a t e r   and  16 

d e n o t e s   a  t h e r m o m e t e r .  

The  b e s t   e m b o d i m e n t   to  p r a c t i c e   t h e   i n v e n t i o n  

W i t h   an  o b j e c t   to  o b t a i n   an  i d e a l   m e t a l   o x i d e   as  d e s c r i b e d  

a b o v e ,   t h e   p r e s e n t   i n v e n t o r s   have   c o n t i n u e d   i n v e s t i g a t i o n s   on  t h e  

m e c h a n i s m   f o r   t he   f o r m a t i o n   of  u l t r a - f i n e   p a r t i c l e s   by  a  c h e m i c a l  

r e a c t i o n   in  t h e   v a p o r   p h a s e .   As  a  r e s u l t ,   i t   h a s   been   e l u c i d a t e d  

t h a t   t h e   p a r t i c l e   g r o w t h   in  t h e   m e t h o d   of   c h e m i c a l   v a p o r - p h a s e  

d e p o s i t i o n   p r o c e e d s   by  t h e   i n c i p i e n t   f o r m a t i o n   of   h o m o g e n e o u s -  

p h a s e   n u c l e i   owing   to   h y d r o l y s i s   a n d / o r   t h e r m a l   d e c o m p o s i t i o n   o f  

t h e   s t a r t i n g   m a t e r i a l   and  t h e n   by  t h e   f o r m a t i o n   of   p r i m a r y  

p a r t i c l e s   w i t h   s e v e r a l   n u c l e i   g a t h e r e d   t o g e t h e r   f o l l o w e d  

t h e r e a f t e r   m a i n l y   by  t h e   c o a l e s c e n c e   of   t h e   p r i m a r y   p a r t i c l e s .  

FIGURE  1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   o f   t h e   m e c h a n i s m   f o r   t h e  

f o r m a t i o n   and  g r o w t h   of  p a r t i c l e s .  

I t   h a s   been   made  c l e a r   f rom  t h e   a b o v e   m e n t i o n e d   k n o w l e d g e  

t h a t   t h e   n e c e s s a r y   c o n d i t i o n s   to   o b t a i n   s m a l l e r   p a r t i c l e s   i n c l u d e  

p e r f o r m i n g   t h e   d e c o m p o s i t i o n   r e a c t i o n   of   t h e   v a p o r i z e d   s t a r t i n g  

m a t e r i a l   a t   a  v e l o c i t y   as  h i g h   as  p o s s i b l e   a t   a  r e a c t i o n   t e m p e r -  

a t u r e   as  low  as  p o s s i b l e   in  o r d e r   to   p r e v e n t   c o a l e s c e n c e   of  t h e  

p r i m a r y   p a r t i c l e s   as  p r o d u c e d   a l o n g   w i t h   d e c r e a s i n g   t he   s t a y i n g  
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t i m e   of  t h e   p a r t i c l e s   in  t h e   r e a c t o r   t u b e   and  r a p i d   c o o l i n g   o f  

t h e   a t m o s p h e r i c   gas   i m m e d i a t e l y   a f t e r   t he   r e a c t i o n .  

A  v a r i e t y   of  v a p o r i z a b l e   m e t a l   c o m p o u n d s   can  be  named  as  t h e  

s t a r t i n g   m a t e r i a l   u s e d   in  t h e   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n .  

T h e r e   can  be  named ,   f o r   e x a m p l e ,   t i t a n i u m   c o m p o u n d s   >  h a v i n g  

v a p o r i z a b i l i t y   s u c h   as  t i t a n i u m   a l k o x i d e s ,   t i t a n i u m   h a l i d e s   a n d  

t he   l i k e ;   z i r c o n i u m   c o m p o u n d s   h a v i n g   v a p o r i z a b i l i t y   s u c h   as  z i r -  

c o n i u m   a l k o x i d e s ,   z i r c o n i u m   h a l i d e s ,   o r g a n i c   z i r c o n i u m   c o m p o u n d s  

and  the   l i k e ;   and  a l k o x i d e s   of  r a r e   e a r t h   m e t a l s   s u c h   as  s c a n d i u m ,  

y t t r i u m ,   l a n t h a n u m ,   c e r i u m ,   e t c .   and  t h e   l i k e   and  t h e y   can  be  u s e d  

e i t h e r   s i n g l y   or  as  a  c o m b i n a t i o n   of  two  k i n d s   or  m o r e .   When  a  

t i t a n i u m   a l k o x i d e   i s   u s e d   as  t h e   v a p o r i z a b l e   m e t a l   c o m p o u n d ,   f o r  

e x a m p l e ,   i t   i s   o p t i o n a l   in  o r d e r   to   i n c r e a s e   t h e   s t a b i l i t y   of  t h e  

t i t a n i u m   o x i d e   to  be  p r o d u c e d   to   admix   o t h e r   v a p o r i z a b l e   m e t a l  

c o m p o u n d s   s u c h   as  a l u m i n u m   c h l o r i d e ,   z i r c o n i u m   a l k o x i d e ,   r a r e  

e a r t h   c h l o r i d e ,   r a r e   e a r t h   a l k o x i d e   and  t h e   l i k e   w i t h i n   a  l i m i t  

of  c o n c e n t r a t i o n   n o t   to  e x c e e d   50%  by  m o l e s   of  t h e   t i t a n i u m  

a l k o x i d e .  

P a r t i c u l a r   t i t a n i u m   a l k o x i d e s   to   be  named  h e r e   i n c l u d e ,   f o r  

e x a m p l e ,   t i t a n i u m   t e t r a m e t h o x i d e   ,  t i t a n i u m   t e t r a e t h o x i d e   ,  t i t a -  

nium  t e t r a p r o p o x i d e ,   t i t a n i u m   t e t r a b u t o x i d e   ,  d i e t h o x y   t i t a n i u m  

o x i d e   and  t h e   l i k e .  

P a r t i c u l a r   t i t a n i u m   h a l i d e s   to   be  named  i n c l u d e   t i t a n i u m  

t e t r a c h l o r i d e ,   t i t a n i u m   t e t r a b r o m i d e   and  o t h e r   t e t r a h a l o g e n a t e d  

t i t a n i u m   c o m p o u n d s .   F u r t h e r ,   o t h e r   t i t a n i u m   c o m p o u n d s   h a v i n g  

v a p o r i z a b i l i t y   can  be  u s e d   i n c l u d i n g   t r i h a l o g e n o   m o n o a l k o x y  

t i t a n i u m ,   m o n o h a l o g e n o   t r i a l k o x y   t i t a n i u m ,   d i h a l o g e n o   d i a l k o x y  

t i t a n i u m   and  t h e   l i k e .  

P a r t i c u l a r   z i r c o n i u m   a l k o x i d e s   to   be  named  i n c l u d e ,   f o r  
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e x a m p l e ,   z i r c o n i u m   t e t r a m e t h o x i d e   ,  z i r c o n i u m   t e t r a e t h o x i d e   ,  z i r -  

c o n i u m   t e t r a p r o p o x i d e   ,  z i r c o n i u m   t e t r a b u t o x i d e   and  the   l i k e   t e t -  

r a a l k o x y   z i r c o n i u m s .  

F u r t h e r ,   p a r t i c u l a r   z i r c o n i u m   h a l i d e s   to  be  named  i n c l u d e ,  

z i r c o n i u m   t e t r a c h l o r i d e ,   z i r c o n i u m   t e t r a b r o m i d e   and  the   l i k e  

t e t r a h a l o g e n o   z i r c o n i u m s   and  f u r t h e r   t r i h a l o g e n o   m o n o a l k o x y   z i r -  

c o n i u m s ,   m o n o h a l o g e n o   t r i a l k o x y   z i r c o n i u m s ,   d i h a l o g e n o   d i a l k o x y  

z i r c o n i u m s   and  t h e   l i k e   can  a l s o   be  u s e d .   In  a d d i t i o n ,   v a p o r i z -  

a b l e   o r g a n i c   z i r c o n i u m   c o m p o u n d s   s u c h   as  z i r c o n i u m   p h e n o x i d e   a n d  

t h e   l i k e   can  a l s o   be  u s e d .  

In  t h e   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n ,   t h e   above   m e n t i o n e d  

v a p o r i z a b l e   m e t a l   compound   is   v a p o r i z e d   in  t h e   f i r s t   p l a c e .   T h e  

c o n d i t i o n s   f o r   t h e   g a s i f i c a t i o n   or  v a p o r i z a t i o n   of  t he   v a p o r i z a b l e  

m e t a l   c o m p o u n d   d e p e n d   on  the   k i n d   of  t h e   v a p o r i z a b l e   m e t a l   c o m -  

p o u n d   and  o t h e r   f a c t o r s   and  can  h a r d l y   be  g i v e n   w i t h o u t   a m b i g u i t y .  

When  a  t i t a n i u m   a l k o x i d e   i s   u s e d   as  t he   v a p o r i z a b l e   m e t a l  

c o m p o u n d ,   f o r   e x a m p l e ,   t he   t i t a n i u m   a l k o x i d e   s h o u l d   p r e f e r a b l y  

be  v a p o r i z e d   a t   t h e   b o i l i n g   p o i n t   or  a t   a  t e m p e r a t u r e   s l i g h t l y  

l o w e r   t h a n   t h e   b o i l i n g   p o i n t   of  t h e   t i t a n i u m   a l k o x i d e .   T h i s   i s  

b e c a u s e   v a p o r i z a t i o n   t h e r e o f   a t   a  t e m p e r a t u r e   h i g h e r   t h a n   t h e  

b o i l i n g   p o i n t   r e s u l t s   in  t he   d e c o m p o s i t i o n   of  t h e   t i t a n i u m   a l -  

k o x i d e   p r o c e e d i n g   u n d e r   a  c o n d i t i o n   w i t h o u t   u n i f o r m i t y   r e l a t i v e  

to  t h e   c o n c e n t r a t i o n   of  t he   c o m p o u n d   so  t h a t   t he   p a r t i c l e s   p r o -  

d u c e d   c a n n o t   be  u n i f o r m   in  t he   s p e c i f i c   s u r f a c e   a r e a ,   p a r t i c l e  

d i a m e t e r   and  o t h e r   p a r a m e t e r s .  

In  t h e   v a p o r i z a t i o n   of  t he   a b o v e   d e s c r i b e d   v a p o r i z a b l e  

m e t a l   c o m p o u n d ,   i t   is   p r e f e r a b l e   t h a t   t h e   v a p o r i z a b l e   m e t a l   c o m -  

p o u n d   i s   d i l u t e d   i n t o   a  p r o p o r t i o n   of  0.1  to  10%  by  v o l u m e   w i t h  
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a  d i l u e n t   g a s .   l n i s   d i l u e n t   gas  s e r v e s   as  a  c a r r i e r   gas  to  i n t r o -  

duce   the   g a s i f i e d   v a p o r i z a b l e   m e t a l   compound   i n t o   a  d e c o m p o s i t i o n  

f u r n a c e   w h e r e   t h e   v a p o r i z a b l e   m e t a l   compound   is   d e c o m p o s e d .  

The  d i l u e n t   gas  u s e d   h e r e   s h o u l d   be  an  i n e r t   gas  such   a s  

a r g o n ,   h e l i u m ,   n i t r o g e n   and  the   l i k e ,   w a t e r   v a p o r ,   o x y g e n   or  t h e  

l i k e ,   of  w h i c h   h e l i u m ,   n i t r o g e n   and  o x y g e n   a r e   p r e f e r a b l e .  

In  p r a c t i c i n g   the   me thod   of  the   p r e s e n t   i n v e n t i o n ,   an  o x y -  

g e n - c o n t a i n i n g   gas  i s   r e q u i r e d   in  the   d e c o m p o s i t i o n   of  t h e   g a s i -  

f i e d   v a p o r i z a b l e   m e t a l   compound  when  i t   is   no t   an  o x y g e n - c o n t a i n -  

ing   compound   such   as  an  a l k o x i d e   and  the   l i k e .   A c c o r d i n g l y ,   t h e  

p r e f e r a b l e   d i l u e n t   gas  u s e d   in  the   g a s i f i c a t i o n   t h e r e o f   s h o u l d  

be  a d e q u a t e l y   s e l e c t e d   t a k i n g   the  t y p e   of  t he   v a p o r i z a b l e   m e t a l  

compound   i n t o   c o n s i d e r a t i o n .  

To  d e s c r i b e   t h e   means  f o r   the   g a s i f i c a t i o n   of  the   v a p o r i z a b l e  

m e t a l   compound   by  way  of  a  more  p a r t i c u l a r   e m b o d i m e n t ,   f o r   e x a m -  

p l e ,   t he   v a p o r i z a b l e   m e t a l   compound  as  t he   s t a r t i n g   m a t e r i a l   i s  

f i r s t   h e a t e d   by  u s i n g   an  e v a p o r a t o r   and  the   l i k e   and  the   d i l u e n t  

gas  is   i n t r o d u c e d   t h e r e i n t o   to  be  a  gas  c o n t a i n i n g   the   v a p o r i z a b l e  

m e t a l   compound   w h i c h   is   i n t r o d u c e d   i n t o   t he   d e c o m p o s i t i o n   f u r n a c e  

i e s c r i b e d   b e l o w .  

T h e r e a f t e r ,   t h e   t h u s   g a s i f i e d   v a p o r i z a b l e   m e t a l   c o m p o u n d  

is  d e c o m p o s e d   by  h e a t i n g   to  be  c o n v e r t e d   i n t o   u l t r a - f i n e   p a r t i c l e s  

af  t he   m e t a l   o x i d e .  

N a m e l y ,   the   v a p o r i z a b l e   m e t a l   compound   g a s i f i e d   in  t h e   a b o v e  

i e s c r i b e d   m a n n e r   i s   i n t r o d u c e d   i n t o   t he   d e c o m p o s i t i o n   f u r n a c e  

and  the   l i k e   by  use   of  a  c a r r i e r   gas  and  s u b j e c t e d   to  d e c o m p o s i -  

t i o n   in  t h i s   d e c o m p o s i t i o n   f u r n a c e .  

An  o x y g e n - c o n t a i n i n g   gas  is  r e q u i r e d   in  o r d e r   to  p e r f o r m  
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t h e   d e c o m p o s i t i o n   in  t h i s   c a s e   when  t h e   v a p o r i z a b l e   m e t a l   c o m -  

pound   u s e d   as  t he   s t a r t i n g   m a t e r i a l   is   n o t   an  o x y g e n - c o n t a i n i n g  

c o m p o u n d   s u c h   as  v a r i o u s   k i n d s   of  a l k o x i d e s   and  the   l i k e .   When 

t h e   s t a r t i n g   m a t e r i a l   u s e d   h e r e   i s   n o t   an  o x y g e n - c o n t a i n i n g   c o m -  

pound   s u c h   as  v a r i o u s   k i n d s   of  a l k o x i d e s   and  t h e   l i k e ,   i t   i s  

p r e f e r a b l e   to  use   an  o x y g e n - c o n t a i n i n g   gas   as  t h e   d i l u e n t   g a s  

as  i s   m e n t i o n e d   b e f o r e   b e c a u s e   a n o t h e r   o x y g e n - c o n t a i n i n g   g a s  

need   n o t   be  u s e d   a d d i t i o n a l l y .   The  d e c o m p o s i t i o n   h e r e   i m p l i e d  

s h o u l d   be  c o n s t r u e d   to  i n c l u d e   no t   o n l y   t h e   s o - c a l l e d   o r d i n a r y  

t h e r m a l   d e c o m p o s i t i o n   bu t   a l s o   o x i d a t i o n .  

The  t e m p e r a t u r e   f o r   the   d e c o m p o s i t i o n   s h o u l d   p r e f e r a b l y   be  

600  °C  or  b e l o w   o r ,   more  p r e f e r a b l y ,   in  t h e   r a n g e   f rom  250  t o  

4.50  °C.  When  t h e   t e m p e r a t u r e   i s   l o w e r   t h a n   a b o v e ,   no  s u f f i c i e n t l y  

h i g h   v e l o c i t y   of  d e c o m p o s i t i o n   c a n n o t   be  o b t a i n e d   w h i l e ,   a t   a  

t e m p e r a t u r e   h i g h e r   t h a n   600  °C,  on  t he   o t h e r   h a n d ,   p a r t i c l e s  

h a v i n g   a  l a r g e   s p e c i f i c   s u r f a c e   a r e a   c a n n o t   be  o b t a i n e d   due  t o  

c o a l e s c e n c e   t a k i n g   p l a c e   b e t w e e n   t he   p a r t i c l e s   as  f o r m e d .  

The  d e c o m p o s i t i o n   of  the   v a p o r i z a b l e   m e t a l   compound  s h o u l d  

p r e f e r a b l y   be  u n d e r t a k e n   in  t he   p r e s e n c e   of  w a t e r   v a p o r   in  a d d i -  

t i o n   to  t h e   h e a t i n g   m e n t i o n e d   a b o v e .   S u i t a b l e   a m o u n t   of  t h e  

a d d e d   w a t e r   v a p o r   i s   in  t he   r a n g e   f rom  30  to  120  t i m e s   by  m o l e s  

of  t h e   v a p o r i z a b l e   m e t a l   compound   as  t h e   s t a r t i n g   m a t e r i a l .   The 

d e c o m p o s i t i o n   r e a c t i o n   can  p r o c e e d   r a p i d l y   in   t h e   p r e s e n c e   o f  

s u c h   an  e x c e s s   a m o u n t   of  w a t e r   v a p o r .   As  a  r e s u l t ,   t he   m e t a l  

o x i d e   to  be  p r o d u c e d   would   have  a  f u r t h e r   d e c r e a s e d   p a r t i c l e  

d i a m e t e r   . 

F u r t h e r m o r e ,   t he   s t a y i n g   t i m e   of  t h e   v a p o r i z a b l e   m e t a l  

c o m p o u n d   in  t h e   g a s i f i e d   s t a t e   and  t h e   p r o d u c e d   m e t a l   o x i d e   i n  
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tne   d e c o m p o s i t i o n   l u r n a c e   whe re   the   d e c o m p o s i t i o n   is   p e r f o r m e d  

s h o u l d   be  s h o r t   and  the   s t a y i n g   t ime   s h o u l d   p r e f e r a b l y   be  i n  

the   r a n g e   f rom  0.1  to  10  s e c o n d s   o r ,   more  p r e f e r a b l y ,   f rom  0 . 1  

to  5  s e c o n d s .  

The  d e c o m p o s i t i o n   f u r n a c e   to  p e r f o r m   the   d e c o m p o s i t i o n   i s  

no t   p a r t i c u l a r l y   l i m i t a t i v e   and  any  of  c o n v e n t i o n a l l y   u s e d   o n e s  

can  be  u s e d   a l t h o u g h   the   f u r n a c e   s h o u l d   p r e f e r a b l y   be  p r o v i d e d  

wi th   a  c o o l i n g   means   in  c o n s i d e r a t i o n   of  the   c o o l i n g   p r o c e d u r e  

d e s c r i b e d   b e l o w .   F u r t h e r ,   i t   is   p r e f e r a b l e   t h a t   f i n e   p a r t i c l e s  

of  the   m e t a l   o x i d e   a r e   d e p o s i t e d   in  a d v a n c e   on  t h e   w a l l s   of  t h e  

d e c o m p o s i t i o n   f u r n a c e .   The  d e c o m p o s i t i o n   t e m p e r a t u r e   can  b e  

g r e a t l y   d e c r e a s e d   by  use  of  a  d e c o m p o s i t i o n   f u r n a c e   h a v i n g   w a l l s  

on  wh ich   f i n e   p a r t i c l e s   of  t he   m e t a l   o x i d e   a re   d e p o s i t e d .  

In  t h i s   m a n n e r ,   p a r t i c l e s   of  t h e   m e t a l   o x i d e   in  a  s p h e r i c a l  

and  u l t r a - f i n e   p a r t i c u l a t e   form  a r e   p r o d u c e d   w h i l e   t h e   u l t r a -  

f i n e   p a r t i c l e s   as  p r o d u c e d   may  be  s u b j e c t   e v e n t u a l l y   to  d i s -  

a d v a n t a g e o u s   c o a l e s c e n c e   in  t he   v a p o r   p h a s e .  

In  t he   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n ,   a c c o r d i n g l y ,   t h e  

d e c o m p o s i t i o n   is   i m m e d i a t e l y   f o l l o w e d   by  c o o l i n g   of  t h e   u l t r a -  

f i n e   p a r t i c l e s   of  t he   m e t a l   o x i d e   as  f o rmed   down  to  a  t e m p e r a -  

t u r e   where   c o a l e s c e n c e   t h e r e o f   t a k e s   p l a c e   no  l o n g e r .   C o a l e s c e n c e  

Df  the   u l t r a - f i n e   p a r t i c l e s   of  the   m e t a l   o x i d e   can  be  p r e v e n t e d  

and  g r o w t h   of  t h e   p a r t i c l e s   can  be  s u p p r e s s e d   by  i m m e d i a t e l y  

q u e n c h i n g   t he   u l t r a - f i n e   p a r t i c l e s   of  the   m e t a l   o x i d e   as  f o r m e d  

in  t h i s   m a n n e r .  

Name ly ,   c o a l e s c e n c e   of  t he   p a r t i c l e s   of  t he   m e t a l   o x i d e  

is  p r e v e n t e d   by  t h i s   q u e n c h i n g   so  t h a t   the   m e t a l   o x i d e   in  t h e  

s p h e r i c a l   and  u l t r a - f i n e   p a r t i c u l a t e   form  as  p r o d u c e d   can  b e  
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c o l l e c t e d   as  such   or  as  p r i m a r y   p a r t i c l e s .  

T h i s   p r o c e d u r e   s h o u l d   be  p e r f o r m e d   p r e f e r a b l y   as  r a p i d l y   a s  

p o s s i b l e .   The  c o o l i n g   s h o u l d   be  done   to  a  t e m p e r a t u r e   a t   w h i c h  

c o a l e s c e n c e   of  t h e   u l t r a - f i n e   p a r t i c l e s   of  t h e   m e t a l   o x i d e   a s  

f o r m e d   no  l o n g e r   t a k e s   p l a c e   b u t   t h e   t e m p e r a t u r e   d e p e n d s   on  t h e  

c o o l i n g   v e l o c i t y   and  o t h e r   f a c t o r s   so  t h a t   i t   can  h a r d l y   be  g i v e n  

w i t h o u t   i n d e f   i n i t e n e s s   .  I t   is   u s u a l l y   p r e f e r a b l e   t h a t   t he   t e m -  

p e r a t u r e   s h o u l d   be  d e c r e a s e d   down  to  a  t e m p e r a t u r e   of  TOO  °C  o r  

b e l o w   w i t h i n   a  l e n g t h   of  t i m e   as  s h o r t   as  p o s s i b l e .   The  m e a n s  

to  e f f e c t   c o o l i n g   i s   no t   p a r t i c u l a r l y   l i m i t a t i v e ,   f o r   e x a m p l e ,  

by  use   of  a i r ,   w a t e r   and  t he   l i k e .   An  e f f e c t   i d e n t i c a l   to  c o o l -  

i n g   can  be  o b t a i n e d   when  a  t e m p e r a t u r e   d i f f e r e n c e   i s   f o r m e d   b y ,  

i n v e r s e l y ,   e f f e c t i n g   l o c a l i z e d   h e a t i n g   p a r t l y   by  u s i n g   an  i n f r a -  

r e d   i m a g e   f u r n a c e   and  the   l i k e .  

The  m e t h o d   of  c o o l i n g   is   a l s o   n o t   p a r t i c u l a r l y   l i m i t a t i v e .  

For   e x a m p l e ,   i t   i s   a  p o s s i b l e   way  t h a t   t h e   d e c o m p o s i t i o n   f u r n a c e  

i s   c o o l e d   from  o u t s i d e   bu t   c o o l i n g   can  be  p e r f o r m e d   more  e f f i c i -  

e n t l y   w i t h i n   a  s h o r t   t i m e   by  p r o v i d i n g   a  c o o l i n g   a p p a r a t u s   i n s i d e  

t h e   d e c o m p o s i t i o n   f u r n a c e   u s i n g   a i r ,   w a t e r   and  the   l i k e   as  a  

c o o l i n g   medium.   I t   i s   f u r t h e r   p o s s i b l e   t h a t   t h e   p a r t i c l e s   a s  

f o r m e d   a r e   l e d   ou t   of  t he   r e a c t i o n   s y s t e m   and  c o o l e d   t h e r e   a f t e r  

t h e   r e a c t i o n .  

As  is   d e s c r i b e d   a b o v e ,   t h e   m e t a l   o x i d e   in   t he   u l t r a - f i n e  

p a r t i c u l a t e   fo rm  can  be  o b t a i n e d   f rom  w h i c h   a  f i n a l   p r o d u c t   c a n  

be  p r e p a r e d   by  s e p a r a t i n g   and  c o l l e c t i n g   a f t e r   f i l t r a t i o n   u s i n g  

a  m e m b r a n e   f i l t e r   and  the   l i k e .  

When  a  c o o l i n g   a p p a r a t u s   i s   p r o v i d e d   i n s i d e   t he   r e a c t i o n  

s y s t e m ,   i t   is   a l s o   p o s s i b l e   t h a t   t h e   u l t r a - f i n e   p a r t i c l e s   a s  
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f o r m e d   a r e   c o l l e c t e d   on  t h i s   a p p a r a t u s   by  u t i l i z i n g   t h e r m a l   m i g -  

r a t i o n .  

The  m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   can  be  p e r f o r m e d   a l s o  

by  use   of  t h e   a p p a r a t u s   i l l u s t r a t e d   in  FIGURE  2.  In  t h i s   a p p a -  

r a t u s ,   n a m e l y ,   the   v a p o r i z a b l e   m e t a l   compound   as  t he   s t a r t i n g  

m a t e r i a l   i s   s o a k e d   by  v e r y   s m a l l   b i t s   by  t he   h e a t e d   g l a s s   wool   8 

in  t he   v a p o r i z e r   7  u s i n g   the   c h e m i c a l   pump  6  to  be  c o n v e r t e d  

i n t o   v a p o r   w h i c h   is  c a r r i e d   by  a  c a r r i e r   gas  s u c h   as  h e l i u m ,  

n i t r o g e n   and  the   l i k e   and  b r o u g h t   i n t o   t he   r e a c t o r   3  such  as  a n  

i n f r a r e d   image   f u r n a c e   where   i t   is  s u b j e c t e d   to  d e c o m p o s i t i o n  

s u c h   as  t he   r e a c t i o n ,   t h e r m a l   d e c o m p o s i t i o n ,   h y d r o l y s i s   and  t h e  

l i k e   and  t h e   p r o d u c t   is   i m m e d i a t e l y   i n t r o d u c e d   i n t o   the   c o o l i n g  

c h a m b e r   10  w h e r e   i t   i s   q u e n c h e d   by  c o n t a c t i n g   w i t h   a  c o o l i n g  

medium  such   as  h e l i u m   and  a i r   and  c o n v e r t e d   i n t o   u l t r a - f i n e  

p a r t i c l e s   w h i c h   a r e   f u r t h e r   i n t r o d u c e d   i n t o   t h e   r e c e i v e r   v e s s e l  

11  and  f i l t e r e d   by  t he   f i l t e r   12  to  g i v e   t he   d e s i r e d   u l t r a - f i n e  

s p h e r i c a l   p a r t i c l e s   of  the   m e t a l   o x i d e .  

The  m e t a l   o x i d e   o b t a i n e d   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n  

has   a  v e r y   n a r r o w   d i s t r i b u t i o n   of  p a r t i c l e   d i a m e t e r   in  the   r a n g e  

f rom  5  to  50  nm  and  i s   s p h e r i c a l   h a v i n g   an  a v e r a g e   p a r t i c l e   d i a -  

m e t e r   of  4-0  nm  or  s m a l l e r .   Th is   m e t a l   o x i d e   has   a  v e r y   l a r g e  

s p e c i f i c   s u r f a c e   a r e a   of  5  x  10^  to  30  x  10^  ma /kg   as  d e t e r m i n e d  

by  the   BET  m e t h o d .  

When  t he   m e t a l   o x i d e   is  t i t a n i u m   o x i d e ,   t h e   o x i d e   can  b e  

a m o r p h o u s   in  a d d i t i o n   to  the   c r y s t a l l i n e   f o r m s   of  r u t i l e ,   a n a t a s e  

and  m i x t u r e s   t h e r e o f   i n c l u d i n g   m i x t u r e s   of  a m o r p h o u s   and  c r y s -  

t a l l i n e   o n e s .   Such  a  s p h e r i c a l   body  of  a m o r p h o u s   t i t a n i u m   o x i d e  

is   a  n o v e l   p r o d u c t   f i r s t l y   o b t a i n e d   by  the   p r e s e n t   i n v e n t i o n .  
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The  a m o r p h o u s   t i t a n i u m   o x i d e   h e r e   i m p l i e d   i n c l u d e s   t h o s e   of  w h i c h  

t h e   peak   a r e a   of  t he   t i t a n i u m   o x i d e   in   t h e   X - r a y   d i f f r a c t i o n   i s  

5%  or  s m a l l e r   of  t h e   peak   a r e a   of  a  r u t i l e   or  a n a t a s e   t y p e   t i t a -  

nium  o x i d e   of  a  s t a n d a r d   r e a g e n t   g r a d e   u n d e r   t h e   same  c o n d i t i o n s  

of  m e a s u r e m e n t .  

In  t h e   n e x t   p l a c e ,   a  d e s c r i p t i o n   i s   g i v e n   of  the   c a se   i n  

w h i c h   a  m e t a l   o x i d e   o r ,   in  p a r t i c u l a r ,   t i t a n i u m   o x i d e   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n   i s   u s e d   in  c o s m e t i c s .  

T i t a n i u m   o x i d e   has   e x c e l l e n t   e f f e c t   of  u l t r a v i o l e t   s h i e l d -  

i n g   so  t h a t   i t   is   h i t h e r t o   u s e d   as  a  c o n s t i t u e n t   of  c o s m e t i c s .  

The  t i t a n i u m   o x i d e   c o n v e n t i o n a l l y   u s e d ,   h o w e v e r ,   is   a  c r y s t a l l i n e  

one ,   i . e . ,   r u t i l e ,   a n a t a s e   or  a  m i x t u r e   t h e r e o f ,   and ,   in  a d d i t i o n ,  

t h e   f o r m s   t h e r e o f   a re   c u b i c ,   r h o m b i c ,   s c a l y ,   n e e d l e - l i k e   and  t h e  

l i k e   and  n o t   s p h e r i c a l .   A c c o r d i n g l y ,   s u c h   a  t i t a n i u m   o x i d e   h a s  

d e f e c t i v e   p o i n t s   t h a t   t he   d i s p e r s i b i l i t y   and  s t a b i l i t y   in  t h e  

b a s e   m a t e r i a l   of  c o s m e t i c s   a r e   i n s u f f i c i e n t   and  t he   u s a b i l i t y  

t h e r e o f   i s   p o o r   in  r e s p e c t   of  s p r e a d a b i l i t y   ,  a d h e r e n c e ,   n a t u r a l  

f i n i s h   and  t h e   l i k e .  

When  t h e   t i t a n i u m   o x i d e   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

i s   u s e d ,   a l l   of  t he   a b o v e   d e s c r i b e d   p r o b l e m s   a r e   s o l v e d   a l t o g e t h e r .  

When  u s e d   in  c o s m e t i c   p r o d u c t s ,   t h e   a m o u n t   of  c o m p o u n d e d  

t i t a n i u m   o x i d e   s h o u l d   be  in   t h e   r a n g e   f r o m   0 .01   to  50%  by  w e i g h t  

o r ,   p r e f e r a b l y ,   f rom  0 . 0 5   to  20%  by  w e i g h t .  

In  t h e   f o l l o w i n g ,   t he   p r e s e n t   i n v e n t i o n   i s   d e s c r i b e d   by  way 

of  e x a m p l e s .  

E x a m p l e   1  . 

M a n u f a c t u r e   of  m e t a l   o x i d e   p a r t i c l e s   was  c o n d u c t e d   by  u s i n g  

t he   a p p a r a t u s   i l l u s t r a t e d   in  FIGURE  3.  T h a t   i s ,   z i r c o n i u m  
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t e t r a i s o p r o p o x i d e   as  t h e   s t a r t i n g   m a t e r i a l   was  h e a t e d   and  v a p o r -  

i z e d   a t   a  t e m p e r a t u r e   of  240  °C  by  use   of  the   e v a p o r a t o r   1  a n d  

h e l i u m   gas  was  b u b b l e d   i n t o   t h i s   e v a p o r a t o r   1  a t   a  r a t e   of  6 0 0  

cm*  / m i n u t e .   T h i s   o p e r a t i o n   s e r v e d   to  g e n e r a t e   a  h e l i u m   gas  c o n -  

t a i n i n g   0.08%  by  m o l e s   of  z i r c o n i u m   t e t r a i s o p r o p o x i d e   w h i c h   w a s  

i n t r o d u c e d   i n t o   t h e   r e a c t o r   3  e q u i p p e d   w i t h   a  c o o l e r   2  ( i n n e r  

d i a m e t e r   of  t he   r e a c t o r   : 4 . 0   cm;  o u t e r   d i a m e t e r   of  t he   i n n e r   t u b e   4 

f o r   c o o l i n g : 2 . 3   cm;  d i s t a n c e   f rom  the   i n l e t   of  t he   r e a c t o r   to   t h e  

h e a t e r   5:3  cm;  and  l e n g t h   of  t h e   h e a t e r   5 :20   cm).  Th i s   r e a c t o r   3 

was  h e a t e d   a t   a  t e m p e r a t u r e   of  400  °C  by  means  of  t he   h e a t e r   5 

to  p e r f o r m   t he   t h e r m a l   d e c o m p o s i t i o n .   The  p a r t i c l e s   of  z i r c o n i u m  

o x i d e   p r o d u c e d   by  t h e   t h e r m a l   d e c o m p o s i t i o n   were  b r o u g h t   i n t o  

c o n t a c t   w i t h   t h e   c o o l e r   u n d e r   f l o w   of  a i r   a t   room  t e m p e r a t u r e  

by  means  of  t he   c o o l e r   2  and  i m m e d i a t e l y   c o o l e d   down  to  a  t e m -  

p e r a t u r e   of  150  °C  or  b e l o w .   T h i s   c o o l e r   2  was  d i s p o s e d   a l o n g  

t he   c e n t e r   l i n e   of  t h e   r e a c t o r   3  to  form  a  s t r u c t u r e   of  d u p l e x  

t u b e   and  c o o l i n g   was  p e r f o r m e d   by  i n t r o d u c i n g   c o o l i n g   a i r   i n t o  

t h i s   t u b e .  

A f t e r   t e r m i n a t i o n   of  t he   r e a c t i o n ,   t he   p a r t i c l e s   d e p o s i t e d  

on  t he   o u t e r   w a l l s   of  t h e   c o o l e r   2  were  t a k e n   ou t   and  s u b j e c t e d  

to  t he   m e a s u r e m e n t   of  t h e   p r o p e r t i e s   t h e r e o f .   The  t h u s   o b t a i n e d  

p a r t i c l e s   of  z i r c o n i u m   o x i d e   were   v e r y   u n i f o r m   u l t r a - f i n e   p a r -  

t i c l e s   of  z i r c o n i u m   o x i d e ,   i . e .   z i r c o n i a ,   h a v i n g   a  s p e c i f i c  

s u r f a c e   a r e a   of  180  m 3 / g ,   a v e r a g e   p a r t i c l e   d i a m e t e r   of  30  nm 

and  p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n   in  the   r a n g e   f rom  20  to  6 0  

nm.  An  e l e c t r o n   m i c r o p h o t o g r a p h   of  t h i s   m a t e r i a l   i s   shown  i n  

FIGURE  4.  M e a n w h i l e ,   i t   was  f o u n d   t h a t   t h i s   m a t e r i a l   had  a  

p u r i t y   of  98%  as  Zr02  by  t he   X - r a y   d i f   f  r a c t o m e t r i c   a n a l y s i s   a n d  



•  18  -  3 2 1 . 4 3 0 8  

p l a s m a   e m i s s i o n   s p e c t r o p h o t o m e t n c   a n a l y s i s .   JfiGURk  5  shows  t h e  

S - r a y   d i f f r a c t i o n   d i a g r a m   o b t a i n e d   in   t h i s   m e a s u r e m e n t .   The  X - r a y  

i i f   f  r a c t o m e t r y   in  t h i s   c a s e   and  h e r e i n b e l o w   was  c a r r i e d   ou t   b y  

a s i n g   t he   Cu  K&  l i n e .  

C o m p a r a t i v e   E x a m p l e   1  . 

The  p r o c e d u r e   was  t he   same  as  in   E x a m p l e   1  e x c e p t i n g   o m i s -  

s i o n   of  t h e   c o o l i n g   a f t e r   t he   t h e r m a l   d e c o m p o s i t i o n .   The  p a r t i c l e s  

Df  z i r c o n i u m   o x i d e   o b t a i n e d   by  p a s s i n g   t h r o u g h   t he   f i l t e r   6  h a d  

an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  a b o u t   300  nm  and  t h e   p a r t i c l e  

d i a m e t e r   d i s t r i b u t i o n   r a n g e d   b r o a d l y   in   t h e   r a n g e   f rom  20  to  500  

nm  s h o w i n g   v e r y   low  u n i f o r m i t y   of  t h e   p a r t i c l e   d i a m e t e r .   FIGURE 

6  shows  an  e l e c t r o n   m i c r o p h o t o g r a p h   of  t h i s   p r o d u c t .  

E x a m p l e   2  . 

M e t a l   o x i d e   p a r t i c l e s   were   m a n u f a c t u r e d   by  u s i n g   the   a p p a r a -  

t u s   i l l u s t r a t e d   in  FIGURE  7.  T h u s ,   t i t a n i u m   t e t r a i s o p r o p o x i d e  

1 1 ( 0 0 3 ^ ) 4 .   was  s o a k e d   by  v e r y   s m a l l   b i t s   by  t h e   g l a s s   wool  8  i n  

t h e   v a p o r i z e r   7  h e a t e d   a t   200  °C  by  means   of  t h e   c h e m i c a l   pump  6 

and  v a p o r i z e d   t h e r e   to  be  i n t r o d u c e d   by  u s e   of  h e l i u m   gas  as  t h e  

c a r r i e r   gas  i n t o   t he   r e a c t o r   3  h a v i n g   an  i n n e r   d i a m e t e r   of  30  mm 

and  p r o v i d e d   on  t h e   i n n e r   w a l l s   w i t h   f i n e   p a r t i c l e s   of  t i t a n i u m  

o x i d e   d e p o s i t e d   t h e r e o n   in  a d v a n c e   and  t h e r m a l l y   d e c o m p o s e d   a t  

350  °C  to  g i v e   a  p r o d u c t .   A  c o o l i n g   t u b e   9  f o r   w a t e r - c o o l i n g   w a s  

i n s e r t e d   i n t o   t h i s   r e a c t o r   3  so  t h a t   t h e   a b o v e   m e n t i o n e d   p r o d u c t  

was  i m m e d i a t e l y   c o o l e d   and  d e p o s i t e d   on  t h e   s u r f a c e   of  the   c o o l i n g  

t u b e   9  in  t he   form  of  u l t r a - f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e .  

The  u l t r a - f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   we re   c o l l e c t e d   a n d  

s u b j e c t e d   to  t he   m e a s u r e m e n t   of  t h e   p r o p e r t i e s .   The  e l e c t r o n  

m i c r o p h o t o g r a p h   i n d i c a t e d   t h a t   t he   a v e r a g e   p a r t i c l e   d i a m e t e r   o f  
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t he   u l t r a - f i n e   p a r t i c l e s   was  20  nm  and  the   p a r t i c l e   d i a m e t e r   d i s -  

t r i b u t i o n   r a n g e d   f rom  10  to  100  nm.  F u r t h e r ,   t he   s p e c i f i c   s u r f a c e  

a r e a   as  d e t e r m i n e d   by  the   BET  m e t h o d   was  320  ma/g  and  the   X - r a y  

d i f   f  r a c t o m e t r i c   a n a l y s i s   i n d i c a t e d   t h a t   t h e y   were   a m o r p h o u s   i n  

r e s p e c t   of  t he   c r y s t a l l i n e   s t r u c t u r e .   The  t r u e   d e n s i t y   of  t h e  

u l t r a - f i n e   p a r t i c l e s   was  2.4.  g /cms  a t   23  °C  or  2 .9   g/cm3  a f t e r  

d r y i n g   a t   115  °C  f o r   4  h o u r s   as  d e t e r m i n e d   by  t he   h e l i u m   gas  s u b -  

s t i t u t i o n   method   u s i n g   a  p e n t a p y c n o m e t e r   m a n u f a c t u r e d   by  Q u a n t a s o r b  

Co.  FIGURE  8  shows  an  e l e c t r o n   m i c r o p h o t o g r a p h   of  t h i s   p r o d u c t .  

C o m p a r a t i v e   Example   2 .  

The  p r o c e d u r e   was  the   same  as  in  E x a m p l e   2  e x c e p t i n g   o m i s -  

s i o n   of  t he   c o o l i n g   w i t h   the   c o o l i n g   t u b e .   The  t h u s   o b t a i n e d  

f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e   had  an  a v e r a g e   p a r t i c l e   d i a m e t e r  

of  300  nm,  p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n   in  t he   r a n g e   f rom  3 0  

to  600  nm  and  s p e c i f i c   s u r f a c e   a r e a   of  90  ma/g  and  the   c r y s t a l l i n e  

s t r u c t u r e   t h e r e o f   was  a m o r p h o u s .   FIGURE  9  shows  an  e l e c t r o n   m i c r o -  

p h o t o g r a p h   of  t he   f i n e   p a r t i c l e s   of  t h i s   t i t a n i u m   o x i d e .  

E x a m p l e   3  • 

M e t a l   o x i d e   p a r t i c l e s   were   m a n u f a c t u r e d   by  use   of  the   a p p a r a -  

t u s   i l l u s t r a t e d   in  FIGURE  10.  The  w a t e r   v a p o r   i n t r o d u c e d   i n t o   t h e  

r e a c t i o n   s y s t e m   was  o b t a i n e d   by  b u b b l i n g   d ry   a i r   a t   a  r a t e   of  10 

l i t e r s / m i n u t e   i n t o   w a t e r   h e a t e d   by  t h e   h e a t e r   1  5  a t   200  °C.  The  

t h e r m o m e t e r   16  shown  in  FIGURE  10  i n d i c a t e d   a  t e m p e r a t u r e   o f  

a b o u t   50  °C.  Th i s   p r o c e d u r e   s e r v e d   to  p r o d u c e   a i r   c o n t a i n i n g  

0.1%  by  moles   of  w a t e r .   T i t a n i u m   t e t r a i s o p r o p o x i d e   Ti(OC^Erj)   ^  

as  t he   s t a r t i n g   m a t e r i a l   was  s o a k e d   by  v e r y   s m a l l   b i t s   by  t h e  

g l a s s   wool  8  in  the   v a p o r i z e r   7  h e a t e d   a t   200  °C  by  means  of  t h e  

c h e m i c a l   pump  6  and  v a p o r i z e d   t h e r e .   The  a i r   u s e d   as  t he   c a r r i e r  
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?as  was  i m p r e g n a t e d   w i t h   0 .06%  by  m o l e s   of  t i t a n i u m   t e t r a i s o p r o -  

p o x i d e .   The  a i r   was  i n t r o d u c e d   i n t o   t h e   r e a c t o r   3  h a v i n g   an  i n n e r  

l i a m e t e r   of  55  mm  and  a  l eng th   of  100  mm  t o g e t h e r   w i t h   t he   a i r   c o n -  

t a i n i n g   0.1%  by  m o l e s   of  w a t e r   and  r e a c t e d   a t   300  °C  to  g i v e   a  

p r o d u c t .   T a b l e   1  shows   t h e   y i e l d   of  t h e   t h u s   o b t a i n e d   p r o d u c t   i n  

I  on  the   T i 0 2   b a s e   and  t h e   p r o p e r t i e s   and  t h e   r e s u l t s   of  c h e m i c a l  

a n a l y s i s   t h e r e o f .   FIGURE  11  shows  t h e   y i e l d   as  a  f u n c t i o n   of  t h e  

a o l a r   r a t i o   of  w a t e r   and  the   s t a r t i n g   m a t e r i a l .   FIGURE  12  s h o w s  

an  e l e c t r o n   m i c r o p h o t o g r a p h   of  t he   t h u s   o b t a i n e d   p r o d u c t .  

In  t he   c h e m i c a l   a n a l y s i s ,   t i t a n i u m   was  q u a n t i t a t i v e l y   d e t e r -  

mined  by  t h e   f u s i o n   of  t h e   s a m p l e   w i t h   p o t a s s i u m   p y r o s u l f a t e  

f o l l o w e d   by  t h e   i n d u c t i o n - c o u p l i n g   p l a s m a   m e t h o d .   C a r b o n   a n d  

h y d r o g e n   we re   d e t e r m i n e d   by  use   of  t h e   CHN  c o d e r   (Mode l   MT-Z ,  

m a n u f a c t u r e d   by  l a n a g i m o t o   S e i s a k u s h o )   a f t e r   d e c o m p o s i t i o n   of  t h e  

s a m p l e   a t   850  °C.  Oxygen   was  d e t e r m i n e d   by  use   of  an  oxygen-   m i c r o -  

a n a l y z e r   ( m a n u f a c t u r e d   by  M i t a m u r a   R i k e n   Kogyo  Co . )   a f t e r   d e c o m -  

p o s i t i o n   of  t h e   s a m p l e   a t   940  °C.  The  r e s u l t s   f o r   o x y g e n   do  n o t  

i n c l u d e   t h e   o x y g e n   c o n t a i n e d   in  t he   t i t a n i u m   o x i d e   pe r   s e .  

E x a m p l e   4 .  

The  p r o c e d u r e   was  j u s t   t h e   same  as  in   E x a m p l e   3  e x c e p t   t h a t  

no  w a t e r   was  c o n t a i n e d   in   t h e   a i r .   T a b l e   1  a l s o   shows  t he   y i e l d ,  

p r o p e r t i e s   and  r e s u l t s   of  c h e m i c a l   a n a l y s i s   of  t he   t h u s   o b t a i n e d  

p r o d u c t .   FIGURE  13  shows  an  e l e c t r o n   m i c r o p h o t o g r a p h   of  t he   t h u s  

o b t a i n e d   p r o d u c t .  

E x a m p l e   5  • 

The  p r o c e d u r e   was  t h e   same  as  in  E x a m p l e   3  e x c e p t   t h a t   t h e  

t e m p e r a t u r e   of  t h e   r e a c t o r   3  was  d e c r e a s e d   to  150  °C.  The  y i e l d ,  

p r o p e r t i e s   and  r e s u l t s   of  c h e m i c a l   a n a l y s i s   of  t h e   t h u s   o b t a i n e d  
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_t  ,.  x i u u n t   14  snows  an  e l e c t r o n   m i c r o -  

p h o t o g r a p h   of  t h e   t h u s   o b t a i n e d   p r o d u c t .  

Example   6 .  

M e t a l   o x i d e   p a r t i c l e s   were   m a n u f a c t u r e d   by  use  of  the   a p p a -  
r a t u s   f o r   r e a c t i o n   i l l u s t r a t e d   in  FIGURE  15.  As  the   w a t e r   v a p o r  
bo  be  i n t r o d u c e d   i n t o   t he   r e a c t o r ,   t he   c a r r i e r   gas  was  i m p r e g -  
n a t e d   w i t h   0 .05%  by  m o l e s   of  w a t e r   a f t e r   e v a p o r a t i o n   of  w a t e r  

m t r o d u c e d   by  v e r y   s m a l l   b i t s   to  the   v i c i n i t y   of  t he   n o z z l e   i n  
ihe  r e a c t o r   3.  The  t e t r a i s o p r o p o x i d e   T i ( 0 C 3 H 7 ) ^   as  the   s t a r t i n g  
l a t e r i a l   was  s o a k e d   by  v e r y   s m a l l   b i t s   by  the   g l a s s   wool   8  i n  
-he  v a p o r i z e r   7  h e a t e d   a t   200  °C  by  means  of  t he   c h e m i c a l   pump  6 
-nd  v a p o r i z e d   t h e r e   and  a i r   u s e d   as  t he   c a r r i e r   gas  was  i m p r e g -  
nated  w i t h   0 .06%  by  m o l e s   of  t h e   t i t a n i u m   i s o p r o p o x i d e   .  The  a i r  

'as  i n t r o d u c e d   i n t o   t h e   r e a c t o r   3  h a v i n g   an  i n n e r   d i a m e t e r   o f  
5  mm  and  a  l e n g t h   of  100  mm  and  r e a c t e d   a t   300°C  to  g i v e   a  p r o d u c t   . 

T a b l e   1  shows  t h e   y i e l d ,   p r o p e r t i e s   and  r e s u l t s   of  c h e m i c a l  

n a l y s i s   of  t he   t h u s   o b t a i n e d   p r o d u c t .   FIGURE  16  shows  an  e l e c t r o n  

i c r o p h o t o g r a p h   of  t h e   t h u s   o b t a i n e d   p r o d u c t ,  

x a m p l e   7 .  

M e t a l   o x i d e   p a r t i c l e s   were   m a n u f a c t u r e d   by  use  of  the   a p p a -  
a t u s   f o r   r e a c t i o n   i l l u s t r a t e d   in  FIGURE  17.  I n t r o d u c t i o n   o f  

a t e r   v a p o r   was  p e r f o r m e d   by  use   of  h i g h - t e m p e r a t u r e   s t e a m   a s  
he  h e a t   s o u r c e .   I t   a l s o   s e r v e d   as  t he   c a r r i e r   g a s .   The  s t e a m  
sed  h e r e   was  a t   300  °C.  Air   was  i m p r e g n a t e d   w i t h   0.06%  by  m o l e s  
r  t he   s t a r t i n g   m a t e r i a l   in  t h e   same  p r o c e d u r e   as  in  E x a m p l e s   2 ,  

and  6  wh ich   was  i n t r o d u c e d   i n t o   the   r e a c t o r   3  h a v i n g   an  i n n e r  

L a m e t e r   of  55  mm  and  a  l e n g t h   of  100  mm  and  r e a c t e d   a t   300  °C 

>  g i v e   a  p r o d u c t .   T a b l e   1  shows  the   y i e l d ,   p r o p e r t i e s   a n d  
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r e s u l t s   of  c h e m i c a l   a n a l y s i s   of  t h e   p r o d u c t .   FIGURE  18  shows  a n  

e l e c t r o n   m i c r o p h o t o g r a p h   of  t h e   t h u s   o b t a i n e d   p r o d u c t .  

T a b l e   1 

E x a m p l e  

3  4  5  6  7 

Yield   (%  by  moles)  95  6  90  90  85 

S p e c i f i c   su r face   area  12Q  ^Q  l6g  ^   m  
(m  / g )  

TEM  image  Figure  12  Figure   13  Figure   H  F igure   16  Figure  18 

P a r t i c l e   d iameter   (pun)  0.02  0.02  0 . 0 2 - 0 . 0 3   0 . 0 2 - 0 . 0 3   0 . 0 2 - 0 . 0 3  

C r y s t a l l i n e   s t r u c t u r e   Amorphous  Amorphous  Amorphous  Amorphous  Amorphous 

Ti  47  46  48  48  49 
Value  of  com- 
p o s i t i o n   (%  c  1.0  3-3  1.0  1.0  0 . 6  
by  w e i g h t )  

H  1.5  2.6  1.2  1.6  1 . 8  

0  11.1  U . 3   11.9  12-0  1 5 . 5  

E x a m p l e s   8  to  1 1 .  

P a r t i c l e s   of  t i t a n i u m   o x i d e   were   m a n u f a c t u r e d   by  use   of  t h e  

a p p a r a t u s   f o r   r e a c t i o n   i l l u s t r a t e d   in  FIGURE  19-  W a t e r   v a p o r   w a s  

i n t r o d u c e d   i n t o   t he   r e a c t i o n   s y s t e m   by  h e a t i n g   t h e   w a t e r   in  t h e  

s t e a m   g e n e r a t o r   w i t h   t he   o i l   b a t h   h e a t e r   15  and  p a s s i n g   N2  g a s  

t h e r e   a t   a  f l ow  r a t e   of  10  l i t e r s / m i n u t e .  

T h i s   o p e r a t i o n   s e r v e d   to  p r e p a r e   N2  gas   c o n t a i n i n g   w a t e r  

v a p o r   in   a  d e f i n i t e   c o n c e n t r a t i o n   w h i c h   was  i n t r o d u c e d   i n t o   t h e  

r e a c t o r   t u b e .   The  c o n t e n t   of  w a t e r   v a p o r   in  t h e   N2  gas  w a s  
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p e r l o r m e d   by  c o n t r o l l i n g   t he   t e m p e r a t u r e   of  w a t e r   in  t he   s t e a m  

g e n e r a t o r .   N a m e l y ,   t he   c o n c e n t r a t i o n   of  w a t e r   v a p o r   in  t he   N2  g a s  

was  3 - 6 ,   7 . 6 ,   13  or  26%  by  m o l e s   when  the   t e m p e r a t u r e   of  w a t e r  

was  30  °C,  50  °C,  70  °C  or  90  °C,  r e s p e c t i v e l y .  

T i t a n i u m   t e t r a i s o p r o p o x i d e   as  t he   s t a r t i n g   m a t e r i a l   w a s  

s o a k e d   by  v e r y   s m a l l   b i t s   by  t he   g l a s s   wool   8  in  t he   v a p o r i z e r   7 

h e a t e d   a t   230  °C  by  means  of  t h e   c h e m i c a l   pump  6  and  v a p o r i z e d .  

N2  as  t he   c a r r i e r   gas  was  p a s s e d   a t   a  r a t e   of  10  l i t e r s / m i n u t e  

to  c o n t a i n   0 .12%  by  m o l e s   of  t i t a n i u m   t e t r a i s o p r o p o x i d e   and  i n -  

t r o d u c e d   i n t o   t he   r e a c t o r   3  h a v i n g   an  i n n e r   d i a m e t e r   of  55  mm 

and  l e n g t h   of  100  mm  w h e r e   i t   was  b r o u g h t   i n t o   c o n t a c t   in  a  

d y n a m i c   f l o w   w i t h   N2  gas  c o n t a i n i n g   w a t e r   v a p o r   and  r e a c t e d   a t  

300  °C  to  g i v e   a  p r o d u c t .   In  t h e   c o n t a c t i n g   g a s e o u s   p h a s e   of  t h e  

N2  gas  c o n t a i n i n g   t he   s t a r t i n g   m a t e r i a l   and  t he   N2  gas  c o n t a i n i n g  

w a t e r   v a p o r ,   in  t h i s   c a s e ,   t he   m o l a r   r a t i o   of  w a t e r   v a p o r   to  t h e  

s t a r t i n g   m a t e r i a l   H 2 0 / T i   (  0 0 3 ! ^   )   ̂ was  30,  55,  120  or  220 ,   r e s p e c -  

t i v e l y .   And,  t h e   s t a y i n g   t i m e   of  t he   p a r t i c l e s   was  0 .3   s e c o n d .  

A f t e r   t he   r e a c t i o n ,   t he   f o r m e d   p a r t i c l e s   were   i m m e d i a t e l y  

i n t r o d u c e d   i n t o   t he   c o o l i n g   c h a m b e r   10  u n d e r   a  f l o w   of  c o o l i n g  

a i r   to  be  c o o l e d   to  30  °C  and  d e p o s i t e d   on  t he   f i l t e r   12  of  t h e  

r e c e i v e r   v e s s e l   11.  T h e s e   c o n d i t i o n s   and  the   p r o p e r t i e s   of  t h e  

t h u s   o b t a i n e d   p r o d u c t s   a r e   shown  in  T a b l e   2.  F u r t h e r ,   t he   c r y s -  

t a l l i n e   s t r u c t u r e   was  i d e n t i f i e d   by  the   X - r a y   d i f   f  r a c t o m e t r y   a n d  

the   X - r a y   d i f f r a c t i o n   d i a g r a m   of  t he   p r o d u c t   o b t a i n e d   in  E x a m p l e  

8  is  shown  in  FIGURE  2 0 .  

C o m p a r a t i v e   E x a m p l e   3  • 

The  same  p r o c e d u r e   was  u n d e r t a k e n   as  in  E x a m p l e   8  e x c e p t  

t h a t   no  w a t e r   v a p o r   was  a d d e d   and  t h e   r e a c t i o n   t e m p e r a t u r e   w a s  



-  24  -  0 2 1   4 3 0 8  

350  °C.  The  r e s u l t s   a r e   shown  in  T a b l e   2 .  

C o m p a r a t i v e   E x a m p l e   4 .  

The  same  p r o c e d u r e   as  in   E x a m p l e   8  was  u n d e r t a k e n   e x c e p t  

t h a t   t h e   t e m p e r a t u r e   in   t h e   s t e a m   g e n e r a t o r   was  5  °C.  The  r e s u l t s  

a r e   shown  in   T a b l e   2.  The  r a t e   of  w a t e r   c o n s u m p t i o n   in  t h i s   c a s e  

was  a b o u t   2  g  pe r   h o u r   c o r r e s p o n d i n g   to  a  c o n c e n t r a t i o n   of  0 . 6 %  

by  m o l e s   in   t h e   N2  gas  and  a  m o l a r   r a t i o   of  a b o u t   5  to  t he   s t a r t -  

i n g   m a t e r i a l   in  t h e   f i e l d   of  t h e   r e a c t i o n .  

E x a m p l e s   12  to  1 6 .  

The  same  p r o c e d u r e   as  in  E x a m p l e   8  was  u n d e r t a k e n   e x c e p t  

t h a t   t h e   f l o w   r a t e   of  t h e   N2  gas   as  t he   c a r r i e r   gas  in  E x a m p l e   8 

was  v a r i e d   so  t h a t   t h e   s t a y i n g   t i m e   of  t h e   p a r t i c l e s   in  t he   r e -  

a c t o r   t u b e   was  0 . 1 ,   0 . 6 ,   1 . 0 ,   2 . 0   or  4 . 0   s e c o n d s .  

The  t h u s   o b t a i n e d   u l t r a - f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e  

w e r e   a m o r p h o u s   in  t he   c r y s t a l l i n e   s t r u c t u r e   as  i s   t y p i c a l l y   s h o w n  

in   FIGURE  20.   The  t r u e   d e n s i t y   of  t h i s   t i t a n i u m   o x i d e   was  2 . 9  

to   3«2  g /cm*  as  d e t e r m i n e d   by  use   of  a  p e n t a p y c n o m e t e r   m a n u f a c -  

t u r e d   by  Q u a n t a s o r b   Co.  The  r e s u l t s   a r e   shown  in  T a b l e   2 .  

C o m p a r a t i v e   E x a m p l e   5  • 

The  same  p r o c e d u r e   as  in  E x a m p l e   8  was  u n d e r t a k e n   e x c e p t  

t h a t   t h e   s t a y i n g   t i m e   of  t h e   p a r t i c l e s   in  t h e   r e a c t o r   t u b e   i n  

E x a m p l e   8  was  10  s e c o n d s .   The  r e s u l t s   a r e   shown  in  T a b l e   2 .  

C o m p a r a t i v e   E x a m p l e   6 .  

The  same  p r o c e d u r e   as  in  E x a m p l e   8  was  u n d e r t a k e n   e x c e p t  

t h a t   a b s o l u t e l y   no  c o o l i n g   a i r   was  p a s s e d   t h r o u g h   t he   r e c e i v e r  

v e s s e l   10  in   E x a m p l e   8  no t   to  p e r f o r m   c o o l i n g .   The  r e s u l t s   a r e  

shown  in  T a b l e   2 .  

E x a m p l e   1 7 .  



0 2 1 4 3 0 8  

The  a p p a r a t u s   i l l u s t r a t e d   in  FIGURE  44  was  u s e d   in  w h i c h  

s t e a m   a t   350°C  was  u s e d   as   t h e   h e a t   s o u r c e   and  as  t h e   w a t e r   v a p o r  

of   a d d i t i o n .   A  p r o d u c t   was  o b t a i n e d   w i t h   o t h e r   c o n d i t i o n s  

i d e n t i c a l   to   t h o s e   in   E x a m p l e   1 1 .  

T h i s   p r o d u c t   was  an  a m o r p h o u s   t i t a n i u m   o x i d e   in  a  s p h e r i c a l  

f o r m   h a v i n g   a  p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n   in  t h e   r a n g e   f r o m  

10  to   30  nm  and  an  a v e r a g e   p a r t i c l e   d i a m e t e r   of   25  nm.  T h e  

p r o p e r t i e s   of  t h i s   p r o d u c t   a r e   shown  in  T a b l e   2 .  

E x a m p l e   1 8 .  

P a r t i c l e s   of   t i t a n i u m   o x i d e   were   m a n u f a c t u r e d   by  u s e   of   t h e  

a p p a r a t u s   i l l u s t r a t e d   in  FIGURE  7.  Tha t   i s ,   T i ( O C 3 H 7 ) 4   as  t h e  

s t a r t i n g   m a t e r i a l   was  s o a k e d   by  v e r y   s m a l l   b i t s   by  t h e   g l a s s   w o o l  

8  in   t h e   v a p o r i z e r   7  h e a t e d   a t   2  30°C  by  means   of  t h e   c h e m i c a l  

pump  6  to   be  v a p o r i z e d   and  i n t r o d u c e d   by  use   of  h e l i u m   g a s   as  t h e  

c a r r i e r   gas   i n t o   t h e   r e a c t o r   3  h a v i n g   an  i n n e r   d i a m e t e r   of   30  mm 

and  p r o v i d e d   in  a d v a n c e   w i t h   f i n e   p a r t i c l e s   of  t i t a n i u m   o x i d e  

d e p o s i t e d   on  t h e   i n n e r   w a l l s   whe re   i t   was  t h e r m a l l y   d e c o m p o s e d   a t  

450°C  to  g i v e   a  p r o d u c t .   The  a b o v e   m e n t i o n e d   p r o d u c t   was  i m m e d i a t e l y  

c o o l e d   by  m e a n s   of  c o o l i n g   t u b e   9  w h i c h   was  e q u i p p e d   in   t h e   r e a c t o r  

3  and  d e p o s i t e d   on  t h e   s u r f a c e   of  t he   c o o l i n g   t u b e   9  in  t h e   f o r m  

of  u l t r a - f i n e   p a r t i c l e s   of   t i t a n i u m   o x i d e .   The  u l t r a - f i n e  

p a r t i c l e s   of  t i t a n i u m   o x i d e   were   c o l l e c t e d   and  s u b j e c t e d   to   t h e  

m e a s u r e m e n t   of  p r o p e r t i e s .   I t   was  f o u n d   f rom  an  e l e c t r o n   m i c r o -  

p h o t o g r a p h   t h a t   t h e   u l t r a - f i n e   p a r t i c l e s   had  an  a v e r a g e   p a r t i c l e  

d i a m e t e r   of  2  0  nm  and  a  p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n   in   t h e  

r a n g e   f rom  10  to  50  nm.  F u r t h e r ,   i t   was  f o u n d   t h a t   t h e   s p e c i f i c  

s u r f a c e   a r e a   was  320  m2 /g   as  d e t e r m i n e d   by  t h e   BET  m e t h o d   a n d  

t h e   c r y s t a l l i n e   s t r u c t u r e   was  a  mixed   p h a s e   of  a m o r p h o u s   p h a s e  

and  a n a t a s e   p h a s e   a c c o r d i n g   to  t he   X - r a y   d i f   f  r a c t o m e t r i c   a n a l y s i s .  



u r t h e r ,   t h e   t r u e   d e n s i t y   01  xne  u i i r a - n n e   pen  u ^ a . ^   * ~  

o  be  3 4   g/cm*  as  a  r e s u l t   of  t h e   m e a s u r e m e n t   by  t h e   He  g a s  

u b s t i t u t i o n   m e t h o d   u s i n g   a  p e n t a p y c n o m e t e r   ( m a n u f a c t u r e d   b y  

u a n t a s o r b   C o . ) .   The  v a l u e s   of  t h e s e   p r o p e r t i e s   a r e   shown  i n  

a b l e   2 .  

As  i s   m e n t i o n e d   a b o v e ,   t h e   p r o d u c t   c o n t a i n e d   an  a m o r p h o u s  

h a s e   and  a  c r y s t a l l i n e   p h a s e   as  a  m i x t u r e   w h i l e   t h e   u l t r a - f i n e  

a r t i c l e s   of  t h e   c r y s t a l l i n e   t i t a n i u m   o x i d e   c o u l d   be  r e a d i l y  

b t a i n e d   by  i n c r e a s i n g   the   r e a c t i o n   t e m p e r a t u r e .   FIGURE  45  s h o w s  

,he  r e l a t i o n s h i p   b e t w e e n   t he   r e a c t i o n   t e m p e r a t u r e   and  t h e   c r y s -  

, a l l i n e   f o r m .   I t   i s   p r e s u m a b l e   f rom  t h i s   r e s u l t   t h a t   f o r m a t i o n  

>f  a n a t a s e   b e g i n s   a t   a  r e a c t i o n   t e m p e r a t u r e   of  a b o u t   400  to  4 5 0  

'C.  F u r t h e r ,   t h e   a m o r p h o u s   p a r t i c l e s   can  r e a d i l y   be  t r a n s f o r m e d  

.n to   c r y s t a l l i n e   p a r t i c l e s   by  s u b j e c t i n g   to  a  h e a t   t r e a t m e n t  

it  a  t e m p e r a t u r e   of  400  to  450  °C  or  h i g h e r .  

Sxample   19  « 

The  same  p r o c e d u r e   as  in  E x a m p l e   13  was  u n d e r t a k e n   e x c e p t  

t h a t   z i r c o n i u m   t e t r a i s o p r o p o x i d e   was  u s e d   as  t h e   s t a r t i n g   m a t e -  

r i a l   and  t h e   t e m p e r a t u r e   of  v a p o r i z a t i o n   of  t h e   s t a r t i n g   m a t e r i a l  

was  250  °C  and  t he   r e a c t i o n   t e m p e r a t u r e   was  450  °C.  The  c o n d i -  

t i o n s   in   t h i s   c a s e   and  t h e   p r o p e r t i e s   of  t h e   p r o d u c t   a r e   s h o w n  

in  T a b l e   2.  FIGURE  46  shows  an  X - r a y   d i f f r a c t i o n   d i a g r a m   of  t h e  

p r o d u c t   . 

E x a m p l e s   20  to  2 3 .  

E x a m p l e   9  was  m o d i f i e d   by  i n c r e a s i n g   t h e   f e e d   r a t e   of  t h e  

s t a r t i n g   m a t e r i a l   to  g i v e   a  c o n c e n t r a t i o n   of  t h e   s t a r t i n g   m a t e -  

r i a l   of  0 . 1 ,   0 . 4 ,   0 . 8   or  1.2%  by  m o l e s   in  t h e   g a s e o u s   p h a s e   i n  

t he   r e a c t i o n .   The  t e m p e r a t u r e   of  w a t e r   in  t h e   s t e a m   g e n e r a t o r  
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was  90  °C.  A c c o r d i n g l y ,   t h e   c o n c e n t r a t i o n   of  w a t e r   v a p o r   w a s  

26%  by  mo les   in  t h e   N2  gas   as  t he   c a r r i e r   and  13%  by  m o l e s   i n  

t h e   g a s e o u s   p h a s e   of  t h e   r e a c t i o n .   These   c o n d i t i o n s   and  t he   p r o p -  

e r t i e s   of  the   p r o d u c t s   a r e   shown  in  T a b l e   2 .  

E x a m p l e   2 4 .  

The  same  p r o c e d u r e   as  in  E x a m p l e   10  was  u n d e r t a k e n   e x c e p t  

t h a t   the   r e a c t i o n   t e m p e r a t u r e   was  500  °C.  The  p r o d u c t   was  i d e n t i -  

f i e d   by  the   X - r a y   d i f   f  r a c t o m e t r y   to  be  f o r m e d   of  u l t r a - f i n e  

p a r t i c l e s   of  a n a t a s e - t y p e   t i t a n i u m   o x i d e .   The  r e s u l t   of  t h e  

X - r a y   d i f   f  r a c t o m e t r y   i s   shown  in  t he   u p p e r m o s t   p a r t   of  FIGURE  4 5 .  

The  c o n d i t i o n s   and  p r o p e r t i e s   of  t he   p r o d u c t   a r e   shown  in  T a b l e   2 .  

C o m p a r a t i v e   E x a m p l e s   7  and  8 .  

The  same  p r o c e d u r e   as  in  E x a m p l e   24  was  u n d e r t a k e n   e x c e p t  

t h a t   t he   r e a c t i o n   t e m p e r a t u r e   in  E x a m p l e   24  was  m o d i f i e d   to  700  °C 

in  C o m p a r a t i v e   E x a m p l e   7  or  to  900  °C  in  C o m p a r a t i v e   E x a m p l e   8 .  

T h e s e   c o n d i t i o n s   and  t h e   p r o p e r t i e s   of  t h e   p r o d u c t s   a r e   s h o w n  

in  T a b l e   2 .  
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T a b l e  

R e a c -  
t i o n  
c o n d i -  
t i o n s  

s t a r t i n g   m a t e r i a l  

C o n c e n t r a t i o n   o f  
s t a r t i n g   m a t e r i a l  
In  gaseous   p h a s e  
in  r e a c t i o n   (%  by  
n o l e s )  

f o l a r   r a t i o   o f  
added  water   v a p o r  
to  s t a r t i n g   m a t e r i a l  

S tay ing   time  ( s e c -  
onds )  

Reac t ion   t e m p e r a -  
tu re   ( °C)  

Cool ing  a f t e r   r e -  
a c t i o n  

E x a m p l e  

8 

0 . 0 6  

30 

0 . 3  

300 

y e s  

T i (0C3H7)4h : i (0C3H7)^  

0 . 0 6  

55 

0 . 3  

300 

y e s  

10 

0 . 0 6  

120 

0 . 3  

300 

y e s  

11 

0 . 0 6  

220 

0 . 3  

300 

y e s  

P r o d u c t  

C r y s t a l l i n e   form 

P r o p -  
e r t i e s   ^  
o f  
produci   A\ 

P a r t i c l e   form 

Average  p a r t i c l e  
d i a m e t e r   ( a " )  

P a r t i c l e   d i a m e t e r  
d i s t r i b u t i o n   (nm) 

S p e c i f i c   s u r f a c e  
a rea   (ms /g )  

Yie ld   (%) 

E l e c t r o n   m i c r o -  
p h o t o g r a p h  

UV  a b s o r b a n c e  
(300  nm) 

T i02  

Amorphous 

S p h e r i c a l  

200 

10-30  

120 

92 

Figure  21 

0 . 3 8  

T i02  

Amorphous 

S p h e r i c a l  

200 

15-25  

96 

Figure  22 

0 . 4 5  

T i 0 2  

Amorphous 

S p h e r i c a l  

200 

15 -25  

180 

96  

F igure   23 

O .48  

Ti02 

Amorphous 

S p h e r i c a l  

200 

15-25 

240 

96 

Figure  24  

0 . 4 6  

*  95%  weight   d i s t r i b u t i o n  
**  La rge r   value  means  l a r g e r   UV  s c a t t e r i n g   or  s h i e l d i n g   e f f e c t .  
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:able  2  (con t inued)   - r « v o  

1 

Comparative  Example  E x a m p l e  

3'  4  12  -  13  U  15  16 

T K X j f t ^   T i ^ H ^   Ti(0C3H7)A  Ti(0C3H7)4  Ti(0C3H7)^  Ti(0C3H7)^  Ti(0C3H7)A 

0.06  0.06  0.06  0.06  0.06  0.06  0 . 0 6  

0  5  30  30  30  30  30 

0.3  0.3  0.1  0.6  1.0  2.0  4 - 0  

350  300  300  300  300  300  300 

yeB  yes  yes  yes  yes  yes  y e s  

Ti02  Ti02  Ti02  Ti02  Ti02  Ti02  T i02  

Amorphous  Amorphous  Amorphous  Amorphous  Amorphous  Amorphous  Amorphous 

S p h e r i c a l   Sphe r i ca l   S p h e r i c a l   S p h e r i c a l   S p h e r i c a l   S p h e r i c a l   S p h e r i c a l  

2X)0  200  100  250  300  350  :400 

10-100  10-50  5-20  20-30  25-35  30-45  30 -50  

130  -  300  -  110  -  100 

18  90  85  95  96  96  98 

Figure  25  Figure  26  Figure  27  Figure  28  Figure  29  Figure  30  Figure  31 

0.32  0.34  -  
*  '  I  —  1  '  1  1 
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Comparat ive  Example  E x a m p l e  

5  6  17  18  19  20 

T i ^ E ^   T i O X ^ H r ^   Ti(OG3H7)4  T i ^ H r ^   Z r ^ H r ^   T i C O C j f t ^  

0.06  0.06  0.06  0.06  0.06  0 .1  

30  30  220  0.;  30  130 

6.0  0.3  0.3  0-3  0.6  0 . 3  

300  300  350  450  450  300 

yes  no  yes  yes  yes  y e s  

Ti02  Ti02  Ti02  Ti02  Zr02  T i 0 2  

Amorphous  Amorphous  Amorphous  < ^ ^ g ° U S   J ^ e ^   ^ o r P ^ o u s  

S p h e r i c a l   S p h e r i c a l   S p h e r i c a l   S p h e r i c a l   S p h e r i c a l   S p h e r i c a l  

1000  1000  250-  '  200  300  200 

80-120  30-200  10-30  10-50  20-40  15-25  

50  60  170  50  180 

98  92  98  98  96  96 

Figure   32'  Figure   33  Figure  34  F igure   35  F igure   36  Figure  37 



Table  2  ( c o n t i n u e d )  

-  .31  -  
0 2 1   4 3 0 8  

E x a m p l e   Comparative  Example 

21  22  23  24  7  8 

T i (X3H7)^   TKCX^Hr^   Ti(0C3H7)4  Ti(°c3H7)4  T i (X3H?)4   T i (0C3H7)4  

O.4  0.8  1.2  0.06  0.06  0 . 0 6  

32  16  11  120  120  120 

0.3  0.3  0.3  0.3  0.3  0 . 3  

300  300  300  500  700  900  

yes  yes  yes  yes  yes  y e s  

Ti02  Ti02  Ti02  Ti02  Ti02  T i 0 2  

Amorphous  Amorphous  Amorphous  Anatase  Anatase  A n a t a s e  

S p h e r i c a l   S p h e r i c a l   S p h e r i c a l   S p h e r i c a l   ^ g l a r  

280  330  400  250  1100  1200 

20-35  25-40  25-50  10-30  30-150  3 0 - 1 8 0  

60  30  20 

96  93  90  95  98  98  

Figure  38  F igure   39  Figure  40  Figure  41  Figure  42  F igure   43 
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E x a m p l e   2 5 .  

E a c h   of  t he   s i x   s a m p l e s   of  t i t a n i u m   o x i d e   p o w d e r   h a v i n g   a n  

a v e r a g e   p a r t i c l e   d i a m e t e r   of  20  nm  o b t a i n e d   in  E x a m p l e s   8  to  1  1 

and  C o m p a r a t i v e   E x a m p l e s   3  and  4  was  s u s p e n d e d   in   c a s t o r   o i l   a n d  

t h o r o u g h l y   m i l l e d   u s i n g   a  t h r e e - r o l l e r   m i l l   and  t h e   t h u s   f o r m e d  

s l u r r y   was  w e i g h e d   and  f u r t h e r   m i l l e d   w i t h   a d m i x t u r e   of  c a s t o r  

o i l   to   g i v e   a  c o n t e n t   of  t he   u l t r a - f i n e   p a r t i c l e s   of  1%  by  w e i g h t ,  

w i t h   w h i c h   a  t h i n   f i l m   of  5  Mm  t h i c k n e s s   was  f o r m e d   on  a  t r a n s -  

p a r e n t   q u a r t z   g l a s s   p l a t e   by  use   of  an  a p p l i c a t o r .  

T h i s   c o a t i n g   f i l m   was  s u b j e c t e d   to  t h e   m e a s u r e m e n t   of  t h e  

a b s o r b a n c e   in   t he   wave  l e n g t h   r e g i o n   of  280  to  700  nm  by  use  o f  

a  d o u b l e - b e a m   s p e c t r o p h o t o m e t e r   Model   H i t a c h i   228 .   FIGURE  47  s h o w s  

a  p a r t   of  t h e   t h u s   o b t a i n e d   r e s u l t s .   T h e s e   r e s u l t s   i n d i c a t e d   t h a t  

t h e   UV  a b s o r b a n c e   a t   300  nm  of  e a c h   of  t h e   a b o v e   m e n t i o n e d   s a m p l e s  

was  0 . 3 2   to  0 . 4 8 .  

C o m p a r a t i v e   E x a m p l e   9 -  

The  same  p r o c e d u r e   as  in   E x a m p l e   25  was  u n d e r t a k e n   by  u s e  

of  an  u l t r a - f i n e   p a r t i c l e   p r o d u c t   T i t a n i a   P -25   m a n u f a c t u r e d   b y  

DEGUSSA  C o . ,   West   Germany  ( m i x e d   p r o d u c t   of  r u t i l e   and  a n a t a s e ,  

i n d e f i n i t e   c r y s t a l l i n e   form  h a v i n g   a  p a r t i c l e   d i a m e t e r   d i s t r i -  

b u t i o n   of  15  to  50  nm  and  an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  30  n m ) ,  

w h i c h   was  h i t h e r t o   known  as  a  p r o d u c t   h a v i n g   t h e   h i g h e s t   e f f e c t  

of  u l t r a v i o l e t   s c a t t e r i n g .   The  a b s o r b a n c e   was  a l s o   m e a s u r e d  

w i t h i n   a  wave  l e n g t h   r e g i o n   of  280  to  700  nm.  The  r e s u l t s   a r e  

shown  in  FIGURE  47.  As  is  shown  in  t h i s   f i g u r e ,   t he   p a r t i c l e s  

had  a  UV  a b s o r b a n c e   of  0 . 2 4   a t   300  n m .  

In  t h e   f o l l o w i n g ,   a p p l i c a t i o n   e x a m p l e s   a r e   shown.   The  p r o p o r -  

t i o n   of  e a c h   c o m p o n e n t   f o r m u l a t e d   in   t h e   a p p l i c a t i o n   e x a m p l e s  
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is   g i v e n   in  %  by  w e i g h t .  

A p p l i c a t i o n   Example   1  . 

A  m i l k y   l o t i o n   was  p r e p a r e d   in  the   f o l l o w i n g   f o r m u l a t i o n .  

2 . 4   % 

C e t y l   a l c o h o l   1 . 0 %  

/ a s e l i n e   5  5  % 

j i q u i d   p a r a f f i n   q 2 . 0   % 

' o l y o x y e t h y l e n e   m o n o o l e y l   e s t e r   2 . 0   % 

' o l y e t h y l e n e   g l y c o l   1500  3 .5   % 

' r i e t h a n o l   a m i n e   1 ^   ^ 

' u r i f i e d   w a t e r   72  0  % 

m o r p h o u s ,   s p h e r i c a l   t i t a n i u m   o x i d e   0.1  % 

p a r t i c l e   d i a m e t e r   0 .2   to  0 .3   p-m) 

e r f u m e   o p t i o n a l   a m o u n t  

"  "  B-jr^vyj.  oiju  i / i i B u m n o i   amine   a r e   a d d e d   t o  

u r i f i e d   w a t e r   and  d i s s o l v e d   by  h e a t i n g   to  be  k e p t   a t   70  °C 

a q u e o u s   p h a s e ) .   S e p a r a t e l y ,   the   o t h e r   c o m p o n e n t s   a r e   m ixed   t o -  
o t h e r   and  m e l t e d   by  h e a t i n g   to  be  k e p t   a t   70  °C  ( o i l y   p h a s e ) .  

Then,   the   o i l y   p h a s e   was  a d d e d   to  t he   a q u e o u s   p h a s e   to  b e  

r e l i m i n a r i l y   e m u l s i f i e d   and  h o m o g e n e o u s l y   e m u l s i f i e d   by  u l t r a -  
Dnic  v i b r a t i o n   f o l l o w e d   by  c o o l i n g   to  room  t e m p e r a t u r e   u n d e r  

c i t a t i o n   . 

In  t he   n e x t   p l a c e ,   a  s l u r r y   c o n t a i n i n g   10%  by  w e i g h t   of  t h e  
>ove  m e n t i o n e d   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   m i l l e d  
Lth  c a s t o r   o i l   was  a p p l i e d   to  the   b l a c k   s u r f a c e   of  a  c o l o r  

i t c h i n g   p a n e l   in  a  t h i c k n e s s   of  0 . 0 7 6   mm  by  use   of  an  a p p l i c a t o r  
id  the   c o l o r   t o n e   in  t he   v i s i b l e   l i g h t   was  m e a s u r e d   on  a  c o l o r  
t a l y z e r   Model  607  m a n u f a c t u r e d   by  H i t a c h i   L t d .   For  c o m p a r i s o n ,  
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n e a s u r e m e n t   of  t h e   c o l o r   t o n e   in   t h e   v i s i b l e   l i g h t   was  p e r f o r m e d  

Ln  t he   same  m a n n e r   u s i n g   a  f i n e   p a r t i c l e   p r o d u c t   of  t i t a n i u m  

) x i d e   m a n u f a c t u r e d   by  DEGUSSA  C o . ,   Wes t   Germany   (a  mixed   c r y s -  

t a l l i n e   p r o d u c t   of  r u t i l e   and  a n a t a s e ,   a v e r a g e   p a r t i c l e   d i a m e t e r  

a b o u t   0 .3   /xm,  t r a d e   name  P - 2 5 ) .   The  r e s u l t s   a r e   shown  t o g e t h e r  

Ln  FIGURE  4 8 .  

I t   i s   u n d e r s t o o d   f rom  FIGURE  48  t h a t ,   w h i l e   t he   f i n e   p a r t i -  

c l e s   of  t he   c o n v e n t i o n a l   t i t a n i u m   o x i d e   have   a  b l u i s h   t i n t ,   t h e  

a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   of  t he   p r e s e n t   i n v e n t i o n  

is  e x c e l l e n t   in  t h e   h i g h e r   t r a n s p a r e n c y .  

A p p l i c a t i o n   E x a m p l e   2 .  

A  f o u n d a t i o n   c r e a m   was  p r e p a r e d   in   t he   f o l l o w i n g   f o r m u l a t i o n .  

r a l e   % 

K a o l i n   4 .0   % 

A m o r p h o u s ,   s p h e r i c a l   t i t a n i u m   o x i d e   2 0 . 0   % 

( p a r t i c l e   d i a m e t e r   0 . 2   to  0 .3   pm) 

I r o n   o x i d e   ( r e d )   0 .3   % 

I r o n   o x i d e   ( y e l l o w )   0 .7   % 

I r o n   o x i d e   ( b l a c k )   0 . 0 3   % 

S o l i d   p a r a f f i n   3-0  % 

L a n o l i n   10 .0   % 

L i q u i d   p a r a f f i n   2 7 . 0   % 

G l y c e r y l   m o n o o l e y l   e s t e r   5*0  % 

P u r i f i e d   w a t e r   15-0   % 

P e r f u m e   o p t i o n a l   a m o u n t  

T a l c ,   k a o l i n ,   a m o r p h o u s   t i t a n i u m   o x i d e   and  i r o n   o x i d e s  

( r e d ,   y e l l o w   and  b l a c k )   a r e   m i x e d   t o g e t h e r   and  t r e a t e d   in  a  b a l l  

m i l l   ( p o w d e r y   p a r t ) .   The  p o w d e r y   p a r t   i s   a d m i x e d   w i t h   a  p a r t   o f  
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t h e   l i q u i d   p a r a f f i n   and  g l y c e r y l   m o n o o l e y l   e s t e r   to   be  u n i f o r m l y  

d i s p e r s e d   u s i n g   a  h o m o m i x e r   f o l l o w e d   by  f u r t h e r   a d m i x t u r e   of  t h e  
o t h e r   c o m p o n e n t s   m o l t e n   by  h e a t i n g   e x c e p t i n g   p u r i f i e d   w a t e r   a n d  

k e p t   a t   70°C  ( o i l y   p h a s e )   .  The  p u r i f i e d   w a t e r   i s   h e a t e d   a t   7 0 ° C  
and  a d d e d   to   t h e   o i l y   p h a s e   to   be  u n i f o r m l y   d i s p e r s e d   and  e m u l s i f i e d  

u s i n g   a  h o m o m i x e r   and  k e p t   a t   40°C  u n d e r   a g i t a t i o n .  

A  c o a t i n g   f i l m   h a v i n g   a  t h i c k n e s s   of   5  urn  was  f o r m e d   of   t h i s  
f o u n d a t i o n   c r e a m   on  a  t r a n s p a r e n t   q u a r t z   g l a s s   p l a t e   and  s u b j e c t e d  
to  t h e   m e a s u r e m e n t   of  t h e   a b s o r b a n c e   in  t he   wave  l e n g t h   r e g i o n  
3f  200  to   400  nm  u s i n g   a  d o u b l e   beam  s p e c t r o p h o t o m e t e r   M o d e l  
l i t a c h i   2 2 8 .  

For  c o m p a r i s o n ,   a n o t h e r   f o u n d a t i o n   c r e a m   was  p r e p a r e d   u s i n g  
m o t h e r   t i t a n i u m   o x i d e   h a v i n g   t he   same  p a r t i c l e   d i a m e t e r   b u t  

i i f f e r e n t   in   t h e   c r y s t a l l i n e   form  and  s u b j e c t e d   to   t h e   m e a s u r e -  
l e n t   in  t h e   same  m e t h o d .  

FIGURE  4  9  shows  t h e   r e s u l t s   of  t h e   m e a s u r e m e n t s .   The  c u r v e  
i  i s   f o r   t h e   f o u n d a t i o n   c r e a m   by  use   of  t he   a m o r p h o u s   t i t a n i u m  
»xide  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   and  t h e   c u r v e s   B  and  C 

ire  f o r   t h o s e   by  use   of  an  a n a t a s e - t y p e   t i t a n i u m   o x i d e   and  r u t i l e -  

ype  t i t a n i u m   o x i d e ,   r e s p e c t i v e l y .   As  i s   c l e a r   f rom  t h i s   f i g u r e ,  
l a r g e r   a b s o r b a n c e   in  t h e   v i c i n i t y   of  290  nm  ( t h e   wave  l e n g t h  

f  u l t r a v i o l e t   l i g h t   h a v i n g   t h e   s t r o n g e s t   b i o l o g i c a l   e f f e c t )   i s  
b t a i n e d   by  use  of  t h e   a m o r p h o u s   t i t a n i u m   o x i d e   t h a n   by  use  o f  
he  r u t i l e - t y p e   and  a n a t a s e - t y p e   t i t a n i u m   o x i d e s .   The  r e a s o n  
h e r e f o r   i s   p r e s u m a b l y   t h e   h i g h e r   d i s p e r s i b i l i t y   of  t h e   a m o r p h o u s  
i t a n i u m   o x i d e   in  t he   b a s e   o i l   of  c o s m e t i c s .  

In  t h e   n e x t   p l a c e ,   t h e   a b o v e   m e n t i o n e d   t h r e e   f o u n d a t i o n  

r e a m s   were   s u b j e c t e d   to  t h e   t e s t   of  t he   u l t r a v i o l e t   s h i e l d i n g  
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e f f e c t   in  a c t u a l   use   by  a p p l y i n g   0.1  g  t h e r e o f   to   1  cm*  of  t h e  

s k i n .   The  t e s t   was  u n d e r t a k e n   on  J u l y   29,  1984  ( f i n e   w e a t h e r )  

on  F u t t s u   B e a c h ,   F u t t s u - s h i ,   C h i b a - k e n ,   and  t h e   s k i n   c o a t e d   w i t h  

t h e   s a m p l e   was  e x p o s e d   to  sun  l i g h t   f o r   2  h o u r s   f rom  1 1 . 0 0   a . m .  

to  1 . 0 0   p . m .   f o l l o w e d   by  r e m o v a l   of  t h e   s a m p l e   and  t he   c o n d i t i o n  

of  s u n b u r n ,   i . e .   s t r e n g t h   of  e r y t h e m a ,   was  e x a m i n e d   v i s u a l l y   t w i c e  

a f t e r   1  h o u r   and  a f t e r   1  d a y .   The  r e s u l t s   a r e   shown  in  T a b l e   3 -  

T a b l e   3 

Sample   A f t e r   1  h o u r   A f t e r   1  d a y  

A m o r p h o u s   t i t a n i u m   o x i d e   u s e d   O  Q  

A n a t a s e - t y p e   t i t a n i u m   o x i d e   u s e d   ^   A  

R u t i l e - t y p e   t i t a n i u m   o x i d e   u s e d   x  x  

G  :  A b s o l u t e l y   no  e r y t h e m a   was  n o t e d .  

A  :  Weak  e r y t h e m a   was  n o t e d ,  

x  :  Somewha t   s t r o n g   e r y t h e m a   was  n o t e d .  

As  i s   c l e a r   f rom  t h e   t a b l e ,   t h e   f o u n d a t i o n   by  use   of  t h e  

a m o r p h o u s   t i t a n i u m   o x i d e   of  t h e   p r e s e n t   i n v e n t i o n   e x h i b i t s   e x -  

c e l l e n t   e f f e c t   of  u l t r a v i o l e t   s h i e l d i n g   in  t h e   a c t u a l   u s e .  

A p p l i c a t i o n   E x a m p l e   3 -  

A  l i p   s t i c k   was  p r e p a r e d   a c c o r d i n g   to  t h e   f o l l o w i n g   f o r m u -  

l a t i o n   . 

Red  #204  1 .0   % 

O r a n g e   #203  1 . 0 %  

Red  #223  1 .0   % 

C a n d e l i l l a   wax  10 .0   % 

S o l i d   p a r a f f i n   8 .0   % 
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b e e s w a x   D.0  % 

C a r n a u b a   wax  5#0  % 

L a n o l i n   1 2 . 0   % 

C a s t o r   o i l   43#0  % 

I s o p r o p y l   e s t e r   of  o l e i c   a c i d   5 .0   % 

A m o r p h o u s ,   s p h e r i c a l   t i t a n i u m   o x i d e   ( p a r -   8 . 0   % 

b ic j . e   a i a m e x e r   u . - d - u . j )   fm;  s p e c i f i c   s u r f a c e  

a r e a   200  m a / g )  

The  a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e ,   r e d   #204  a n d  

o r a n g e   #203  a r e   a d d e d   to  a  p a r t   of  t he   c a s t o r   o i l   and  t r e a t e d  

wi th   a  r o l l e r   m i l l   ( p i g m e n t   p a r t ) .   S e p a r a t e l y ,   r ed   #223  is   d i s -  

s o l v e d   in  a  p a r t   of  t he   c a s t o r   o i l   (dye  p a r t ) .   The  r e m a i n d e r   o f  

the  c o m p o n e n t s   m ixed   t o g e t h e r   is  m e l t e d   by  h e a t i n g   and  t h e n   a d -  

mixed  w i t h   t h e   p i g m e n t   p a r t   and  the   dye  p a r t   to  be  u n i f o r m l y  

d i s p e r s e d   by  u se   of  a  h o m o m i x e r .   A f t e r   d i s p e r s i o n ,   t h e   m e l t   i s  

s a s t   i n t o   a  mold  and  q u e n c h e d   and  t he   s t i c k - l i k e   body  is   i n s e r t e d  

I n t o   a  c a s i n g   and  s u b j e c t e d   to  f r a m i n g .  

A p p l i c a t i o n   E x a m p l e   4 .  

A  c ream  was  p r e p a r e d   a c c o r d i n g   to  the   f o l l o w i n g   f o r m u l a t i o n .  

u c r o c r y s T , a i i i n e   wax  1 0 . 0   % 

i e e s w a x   3 . 0   % 

r a s e l i n e   4 . 0   % 

[ y d r o g e n a t e d   l a n o l i n   8 . 0   % 

S q u a l a n e   3 0 . 0   % 

r l y c e r y l   m o n o o l e y l   e s t e r   3 . 0   % 

l e x a d e c y l   a d i p a t e   7 .0   % 

' o l y o x y e t h y l e n e   s o r b i t a n   m o n o o l e a t e   0 .5   1 

' r o p y l e n e   g l y c o l   3 .5   % 
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r u n t i e d   w a t e r   2 0 . 0   % 

A m o r p h o u s ,   s p h e r i c a l   t i t a n i u m   o x i d e   ( p a r -   1 1 . 0   % 

t i c l e   d i a m e t e r   0 . 2 - 0 . 3   /^n) 

P e r f u m e   o p t i o n a l   a m o u n t  

The  p u r i f i e d   w a t e r   a d m i x e d   w i t h   p r o p y l e n e   g l y c o l   i s   h e a t e d  

and  k e p t   a t   70  °C  ( a q u e o u s   p h a s e ) .   The  o t h e r   c o m p o n e n t s   m i x e d  

t o g e t h e r   a r e   m e l t e d   by  h e a t i n g   and  k e p t   a t   70  °C  ( o i l y   p h a s e ) .  

The  o i l y   p h a s e   a d m i x e d   w i t h   t he   a q u e o u s   p h a s e   was  p r e l i m i n a r i l y  

e m u l s i f i e d   and  t h e n   h o m o g e n e o u s l y   e m u l s i f i e d   u s i n g   a  h o m o m i x e r  

f o l l o w e d   by  a g i t a t i o n   d u r i n g   c o o l i n g .  

T h i s   c r e a m   was  s u b j e c t e d   to  e v a l u a t i o n   in   a c t u a l   use   in  r e -  

s p e c t   of  " s p r e a d a b i l i t y "   ,  " a d h e s i o n " ,   " r e f   r e s h i n g n e s s "   a n d  

" o v e r a l l   e v a l u a t i o n " .   For  c o m p a r i s o n ,   f u r t h e r m o r e ,   a d d i t i o n a l  

c r e a m s   were   p r e p a r e d   a c c o r d i n g   to  t h e   a b o v e   d e s c r i b e d   f o r m u l a t i o n  

by  use   of  t i t a n i u m   o x i d e s   h a v i n g   t h e   same  p a r t i c l e   d i a m e t e r   b u t  

d i f f e r e n t   in  t h e   c r y s t a l l i n e   f o rm  and  t h e y   w e r e   e v a l u a t e d   in  t h e  

same  m e t h o d .   The  e v a l u a t i o n   was  u n d e r t a k e n   by  10  f e m a l e   p a n e l  

members   u s i n g   t h e   t h r e e   k i n d s   of  t h e   c r e a m s   and  r e c o r d i n g   w a s  

made  of  t h e   n u m b e r   of  t he   p a n e l   member s   who  r e p o r t e d   t he   b e s t  

r e s u l t   in  e a c h   of  t h e   i t e m s .   The  r e s u l t s   a r e   shown  in  T a b l e   4 .  

T a b l e   I  

Spread-   Adhe-  Re f r e sh -   O v e r l l  
Sample  a b i l i t y   sion  ingness   e v a l u a t i o n  

Amorphous  t i t a n i u m   oxide  used  7  5  6  8 

Ana tase - type   t i t a n i u m   oxide  used  1 3   2  1 

R u t i l e - t y p e   t i t a n i u m   oxide  used  2  2  2  1 

is  i s   c l e a r   f rom  t h e   t a b l e ,   t h e   c r e a m   by  use   of  t he   a m o r p h o u s  
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and  s p h e r i c a l   t i t a n i u m   o x i d e   of  t h e   p r e s e n t   i n v e n t i o n   i s   h i g h l y  

e x c e l l e n t   a l s o   in  t he   a c t u a l   u s e .  

A p p l i c a t i o n   E x a m p l e   5« 

A  s o l i d   f a c e   p o w d e r   was  p r e p a r e d   a c c o r d i n g   to  t h e   f o l l o w i n g  

f o r m u l a t i o n   . 

T a l c   4 5 . 0   % 

A m o r p h o u s ,   s p h e r i c a l   t i t a n i u m   o x i d e   ( p a r -   4 3 . 0   % 

t i c l e   d i a m e t e r   0 . 2 - 0 . 3   /"-m) 

I r o n   o x i d e   ( r e d )   1 .0   % 

I r o n   o x i d e   ( y e l l o w )   2 .5   % 

I r o n   o x i d e   ( b l a c k )   0 .5   % 

S t e a r i c   a c i d   2 . 0   % 

S q u a l a n e   2 .5   % 

L a n o l i n   1 . 0 %  

H e x a d e c y l   o l e a t e   e s t e r   0 .5   % 

T r i e t h a n o l   amine   1 .0   % 

P e r f u m e   o p t i o n a l   a m o u n t  

The  t a l c ,   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   and  i r o n  

o x i d e s   a re   t h o r o u g h l y   b l e n d e d   in  a  b l e n d e r   and ,   w h i l e   u n d e r  

m i x i n g ,   the   o t h e r   c o m p o n e n t s   as  mixed   t o g e t h e r   a r e   u n i f o r m l y  

a d d e d   t h e r e t o   f o l l o w e d   by  f u r t h e r   t h o r o u g h   m i x i n g .   T h e r e a f t e r ,  

the   m i x t u r e   is   t r e a t e d   in  a  p u l v e r i z i n g   m a c h i n e   and  s h a p e d   b y  

c o m p r e s s i o n   m o l d i n g   in  a  p r e s s .  

A p p l i c a t i o n   E x a m p l e   6 .  

An  e y e s h a d o w   in  the   form  of  a  s t i c k   was  p r e p a r e d   a c c o r d i n g  

to  the   f o l l o w i n g   f o r m u l a t i o n .  

C e r e s i n   27  % 

C a s t o r   o i l   42  % 
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h y a r o g e n a t e d   o i l   5  % 

C a r n a u b a   wax  3  % 

L i q u i d   p a r a f f i n   6  % 

A m o r p h o u s ,   s p h e r i c a l   t i t a n i u m   o x i d e   ( p a r -   9  % 

t i c l e   d i a m e t e r   0 . 2 - 0 . 3   /-<-m) 

I r o n   o x i d e   ( o c h r e )   4  % 

I r o n   o x i d e   ( s i e n n a )   4  % 

P e r f u m e   o p t i o n a l   a m o u n t  

ine   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   and  the   o c h r e  

and  s i e n n a   i r o n   o x i d e s   a re   added   to  a  p a r t   of  t h e   c a s t o r   o i l  

and  t r e a t e d   on  a  r o l l e r   m i l l   ( p i g m e n t   p a r t ) .   The  o t h e r   c o m p o n e n t s  

a r e   m i x e d   t o g e t h e r   and  m e l t e d   by  h e a t i n g   and  t h e   p i g m e n t   p a r t  

i s   a d d e d   t h e r e t o   and  u n i f o r m l y   d i s p e r s e d   u s i n g   a  h o m o m i x e r .  

T h e r e a f t e r ,   i t   i s   c a s t   i n t o   a  mold  and  q u e n c h e d   to  be  s h a p e d  

i n t o   a  s t i c k - l i k e   f o r m .  

A p p l i c a t i o n   E x a m p l e   7 .  

A  c o m p a c t   of  r o u g e   was  p r e p a r e d   a c c o r d i n g   to   t he   f o l l o w i n g  

f o r m u l a t i o n .  

J-alc  48  % 

K a o l i n   16  % 

C h a l k   3  % 

M a g n e s i u m   c a r b o n a t e   4  % 

S i n e   s t e a r a t e   5  % 

A m o r p h o u s ,   s p h e r i c a l   t i t a n i u m   o x i d e   ( p a r -   13  % 

b i c l e   d i a m e t e r   0 . 2 - 0 . 3   i^m;  s p e c i f i c   s u r f a c e  

a r e a   200  m ' / g )  

C o l o r i n g   a g e n t   T  1  % 

P e r f u m e   o p t i o n a l   a m o u n t  
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I n t o   t he   t a l c ,   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   a n d  

c o l o r i n g   a g e n t   u n d e r   t h o r o u g h   b l e n d i n g   i s   u n i f o r m l y   a d d e d   t h e  

m i x t u r e   of  t h e   o t h e r   c o m p o n e n t s   and  b l e n d i n g   is   f u r t h e r   c o n t i n u e d  

t h o r o u g h l y .   In  t h e   n e x t   p l a c e ,   p u l v e r i z a t i o n   is   f o l l o w e d   b y  

c o m p r e s s i o n   m o l d i n g   in   a  p r e s s .  

The  above   d e s c r i b e d   c h e e k   r o u g e   was  s u b j e c t e d   to  t he   e v a l u -  

a t i o n   of  t he   p e r f u m e   r e t e n t i v i t y   by  a c t u a l   u s e .   For  c o m p a r i s o n ,  

in  a d d i t i o n ,   e v a l u a t i o n   was  p e r f o r m e d   in  the   same  m e t h o d   of  a n -  

o t h e r   cheek   r o u g e   p r e p a r e d   in  the   same  manne r   u s i n g   a  r u t i l e - t y p e  

t i t a n i u m   o x i d e   m a n u f a c t u r e d   by  the   s u l f u r i c   a c i d   p r o c e s s   a n d  

h a v i n g   a  p a r t i c l e   d i a m e t e r   of  1  to  2  f̂ m  and  a  s p e c i f i c   s u r f a c e  

a r e a   of  10  m a / g .   The  e v a l u a t i o n   was  u n d e r t a k e n   by  10  f e m a l e   p a n e l  

members   u s i n g   t h e   two  c o m p a c t   r o u g e s   who  were   a s k e d   to  r e p o r t   t h e  

p e r f u m e   r e t e n t i v i t y   a f t e r   8  h o u r s   and  t he   number   of  t h e   p a n e l  

members   who  gave   a  r e p o r t   of  good  r e t e n t i v i t y   i s   shown  in  T a b l e   5 .  

T a b l e  

S a m p l e  

Amorphous   t i t a n i u m   o x i d e  

R u t i l e - t y p e   t i t a n i u m   o x i d e  

P e r f u m e   r e t e n t i v i t y  

8 

2 

As  is   c l e a r   f rom  t he   t a b l e ,   the   c o m p a c t   r o u g e   by  use   of  t h e  

a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   of  t he   p r e s e n t   i n v e n t i o n  

is   v e r y   e x c e l l e n t   in  t he   p e r f u m e   r e t e n t i v i t y .   I t   i s   p r e s u m a b l e  

t h a t   the   l a r g e   s p e c i f i c   s u r f a c e   a r e a   and  t he   w e l l - d e v e l o p e d   p o r e s  

( p o r o s i t y )   of  t h e   a m o r p h o u s   t i t a n i u m   o x i d e   may  c o n t r i b u t e   to  t h e  

r e t e n t i o n   of  t he   p e r f u m e   i n s i d e   the   p o r e s .  
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R e f e r e n c e   E x a m p l e   1  . 

In  o r d e r   to   e x a m i n e   t he   d i s p e r s i b i l i t y   of  t i t a n i u m   o x i d e s  

in  o i l s   w i d e l y   u s e d   as  a  b a s e   of  c o s m e t i c s ,   t e s t   was  p e r f o r m e d  

by  u se   of  t h e   t h r e e   k i n d s   of  t i t a n i u m   o x i d e   e a c h   h a v i n g   a  p a r -  

t i c l e   d i a m e t e r   of  0 . 2   to  0 .3   p-m  b u t   d i f f e r e n t   in   t h e   c r y s t a l l i n e  

form  as  i s   shown  in  A p p l i c a t i o n   E x a m p l e   2 .  

The  t e s t   was  p e r f o r m e d   by  t a k i n g   1  g  of  t h e   t i t a n i u m   o x i d e  

i n t o   a  50  ml  g r a d u a t e d   s e d i m e n t a t i o n   t u b e   (Ukena   t u b e )   w i t h   a d -  

d i t i o n   of  50  ml  of  t h e   o i l   and ,   a f t e r   a g i t a t i o n   and  d i s p e r s i n g  

by  use   of  a  d i s p e r s i n g   m a c h i n e ,   s t a n d i n g   the   t u b e   to  e x a m i n e   t h e  

s t a t e   of  d i s p e r s i o n   7  t i m e s   a f t e r   1  m i n u t e ,   5  m i n u t e s ,   30  m i n u t e s ,  

60  m i n u t e s ,   1  d a y ,   3  days   and  7  d a y s .   The  e v a l u a t i o n   was  p e r f o r m e d  

in  t h e   1 0 - r a t i n g   m e t h o d   g i v i n g   10  p o i n t s   to  v e r y   good  d i s p e r s i -  

b i l i t y   and  1  p o i n t   to  p o o r   d i s p e r s i b i l i t y   as  a  t o t a l   of  t h e  

e v a l u a t i o n   p o i n t s   o b t a i n e d   in   e a c h   moment   of  o b s e r v a t i o n ,   t h e  

e v a l u a t i o n   p o i n t   b e i n g   5  when  no  p a r t i c l e   s e t t l i n g   was  f o u n d  

and  1  when  t h e   p a r t i c l e s   had  e n t i r e l y   s e t t l e d   or  s e t t l e d   i n  

t h e   f o rm  of  a g g l o m e r a t e s .   The  r e s u l t s   a r e   shown  in  T a b l e   6 .  

T a b l e  6  

Sample  Liquid  p a r a f f i n   Squalane  Castor   o i l  

A n a t a s e - t y p e  1 2 3 

R u t i l e - t y p e  1 1 2 

Amorphous 9 9 8 

As  i s   c l e a r   f rom  t he   t a b l e ,   t h e   a m o r p h o u s   t i t a n i u m   o x i d e  

e x h i b i t e d   v e r y   good  d i s p e r s i b i l i t y   in   t he   b a s e   o i l s   w i d e l y   u s e d  

in  c o s m e t i c s .  
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ixuanxuu i   o x i a e s   snoujLa  p r e r e r a b l y   have   a  s p e c i f i c   g r a v i t y  

as  s m a l l   as  p o s s i b l e   f rom  t he   s t a n d p o i n t   of  a d v a n t a g e o u s l y   p r e -  

v e n t i n g   s e d i m e n t a t i o n   t h e r e o f   in  o i l s   b e c a u s e   many  of  t he   b a s e  

o i l s   f o r   c o s m e t i c s   have   a  s p e c i f i c   g r a v i t y   in  t h e   v i c i n i t y   of  1  . 
In  t h i s   r e g a r d ,   t he   a b o v e   m e n t i o n e d   s a m p l e s   were   e a c h   s u b j e c t e d  

to  the   d e t e r m i n a t i o n   of  t h e   t r u e   d e n s i t y   by  t h e   He  s u b s t i t u t i o n  

method   u s i n g   a  p e n t a p y c n o m e t e r   m a n u f a c t u r e d   by  Q u a n t a c h r o m e   C o . ,  

U . S . A . ,   a f t e r   a  p r e t r e a t m e n t   f o r   d e h y d r a t i o n   a t   115  °C  f o r   4  

h o u r s   to  f i n d   v a l u e s   of  t he   t r u e   s p e c i f i c   g r a v i t y   of  3 . 9 ,   4 . 2  

and  2 .9   f o r   t he   a n a t a s e - t y p e ,   r u t i l e - t y p e   and  a m o r p h o u s   t i t a n i u m  

o x i d e s ,   r e s p e c t i v e l y .   Such  a  s m a l l   t r u e   s p e c i f i c   g r a v i t y   of  t h e  

a m o r p h o u s   t i t a n i u m   o x i d e   may  be  t h e   r e a s o n   f o r   t he   a b o v e   d e s c r i b e d  

r e s u l t s   . 

R e f e r e n c e   Example   2 .  

In  o r d e r   to  e v a l u a t e   t he   s t a b i l i t y   of  t i t a n i u m   o x i d e s   a g a i n s t  

L i g h t ,   e v a l u a t i o n   was  p e r f o r m e d   of  t h e   f o u n d a t i o n s   p r e p a r e d   b y  

i s i n g   the   t h r e e   k i n d s   of  t i t a n i u m   o x i d e s   h a v i n g   d i f f e r e n t   c r y s -  

t a l l i n e   f o r m s   as  is   shown  in  E x a m p l e   2.  The  t h r e e   s a m p l e s   w e r e  

I r r a d i a t e d   a t   50  °C  f o r   90  h o u r s   u n d e r   a  x e n o n   lamp  and  the   d e -  

cree   of  b l a c k e n i n g   t h e r e o f   was  e x a m i n e d .   The  r e s u l t s   a r e   s h o w n  

Ln  T a b l e   7 .  

T a b l e   7 

Sample  Degree  of  b l a c k e n i n g  

Amorphous,  s p h e r i c a l   t i t a n i u m   oxide  used  Almost  no  b l a c k e n i n g  

R u t i l e - t y p e   t i t an ium  oxide  used  Blackening  over  whole  s u r f a c e  

Anatase- type   t i t an ium  oxide  used  Blackening  over  whole  s u r f a c e  
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As  i s   c l e a r   f rom  the   t a b l e ,   t h e   s a m p l e   by  use   of  t he   a m o r -  

phous   and  s p h e r i c a l   t i t a n i u m   o x i d e   has   a l s o   e x c e l l e n t   s t a b i l i t y  

a g a i n s t   l i g h t .  

A p p l i c a t i o n   E x a m p l e s   8  to  12  and  R e f e r e n c e   E x a m p l e   3« 

F o l l o w i n g   t e s t s   were   u n d e r t a k e n   by  use   of  f i v e   k i n d s   o f  

a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e s   h a v i n g   d i f f e r e n t   p a r t i c l e  

d i a m e t e r s   as  shown  in  T a b l e   8  ( A p p l i c a t i o n   E x a m p l e s   8  to  12)  a n d  

a  f i n e - p a r t i c l e   t i t a n i u m   o x i d e   m a n u f a c t u r e d   by  DEGUSSA  C o . ,   W e s t  

Germany   w h i c h   was  a  c r y s t a l l i n e   m i x t u r e   of  a n a t a s e   and  r u t i l e  

h a v i n g   a  p a r t i c l e   d i a m e t e r   of  0 . 0 2   to   O.O4  /*m,  t r a d e   name  P - 2 5  

( R e f e r e n c e   E x a m p l e   3 ) .  

(1)  S h i e l d i n g   p o w e r   a g a i n s t   u l t r a v i o l e t   l i g h t   (UV) 

F o u n d a t i o n   c r e a m s   were   p r e p a r e d   e a c h   in  t he   same  f o r m u l a t i o n  

as  d e s c r i b e d   in  A p p l i c a t i o n   E x a m p l e   2  and  t he   a b s o r b a n c e   of  t h e  

f o u n d a t i o n   c r e a m s   was  m e a s u r e d   in  t h e   same  m e t h o d   as  d e s c r i b e d  

in  A p p l i c a t i o n   E x a m p l e   2  to  e x a m i n e   t h e   s h i e l d i n g   e f f e c t   a g a i n s t  

UV.  E v a l u a t i o n   of  t he   UV  s h i e l d i n g   p o w e r   was  p e r f o r m e d   w i t h   a  

mark  of  ©  f o r   an  a b s o r b a n c e   of  2 . 8   or  l a r g e r ,   w i t h   a  mark  of  O  

f o r   an  a b s o r b a n c e   of  2 . 7   to  2 . 5 ,   w i t h   a  mark  of  £  f o r   an  a b s o r b -  

a n c e   of  2 . 4   to   2 . 0   and  w i t h   a  mark  of  x  f o r   an  a b s o r b a n c e   of  1 . 9  

or  s m a l l e r   a t   300  nm  ( a b r i d g e d   as  UV-B)  .  F u r t h e r ,   e v a l u a t i o n   w a s  

made  w i t h   a  mark  of  © f o r   an  a b s o r b a n c e   of  1 . 8   or  l a r g e r ,   w i t h  

a  mark  of  Q  f o r   an  a b s o r b a n c e   of  1 .7   to   1 . 5 ,   w i t h   a  mark  of  /S 

f o r   an  a b s o r b a n c e   of  1 .4   to  1 .0   and  w i t h   a  mark  of  x  f o r   an  a b -  

s o r b a n c e   of  0 . 9   or  s m a l l e r   a t   360  nm  ( a b r i d g e d   as  UV-A)  .  The  r e -  

s u l t s   of  e v a l u a t i o n   a re   shown  in  T a b l e   8.  As  i s   c l e a r   f rom  T a b l e  

8,  i t   i s   u n d e r s t o o d   t h a t   t he   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m  

o x i d e s   of  t h e   p r e s e n t   i n v e n t i o n   h a v e   e x c e l l e n t   s h i e l d i n g   e f f e c t  
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a g a i n s t   b o t h   of  UV-A  and  UV-B  by  s e l e c t i n g   the   p a r t i c l e   s i z e   i n  

c o m p a r i s o n   w i t h   t he   w i d e l y   u s e d   c o n v e n t i o n a l   t i t a n i u m   o x i d e .  

(2)  D i s p e r s i b i l i t y   in  b a s e   o i l s   of  c o s m e t i c s  

In  o r d e r   to  e x a m i n e   t he   d i s p e r s i b i l i t y   in  b a s e   o i l s   of  c o s -  

m e t i c s ,   t e s t s   were   u n d e r t a k e n   in  t he   same  m e t h o d   and  c r i t e r i a  

f o r   e v a l u a t i o n   as  d e s c r i b e d   in  R e f e r e n c e   E x a m p l e   1  .  The  r e s u l t s  

a r e   shown  in  T a b l e   8.  As  i s   c l e a r   from  T a b l e   8,  i t   i s   u n d e r s t o o d  

t h a t   the   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e s   of  t h e   p r e s e n t  

i n v e n t i o n   can  be  s a t i s f a c t o r i l y   d i s p e r s e d   in  t he   b a s e   o i l s   o f  

c o s m e t i c s   . 

(3)  T r a n s m i s s i v i t y   of  v i s i b l e   l i g h t  

As  is   d e s c r i b e d   a b o v e ,   c o n v e n t i o n a l   f i n e - p a r t i c l e   t i t a n i u m  

o x i d e s   e x h i b i t e d   p a l e   b l u i s h   c o l o r i n g   by  the   i n t e r f e r e n t i a l  

l i g h t   and  had  a l m o s t   no  e f f e c t   of  i n c r e a s i n g   the   b r i g h t   a p p e a r a n c e  

of  t he   s k i n .   In  t h i s   r e g a r d ,   t r a n s m i s s i v i t y   of  v i s i b l e   l i g h t   w a s  

e x a m i n e d   by  use   of  t he   two  k i n d s   of  a m o r p h o u s   and  s p h e r i c a l   t i t a -  

nium  o x i d e s   of  A p p l i c a t i o n   E x a m p l e s   8  and  9  h a v i n g   d i f f e r e n t  

p a r t i c l e   d i a m e t e r s   and  t he   t i t a n i u m   o x i d e   of  R e f e r e n c e   E x a m p l e   3 .  

As  t he   me thod   t h e r e f o r ,   4  g  of  each   t i t a n i u m   o x i d e   were   s u s p e n d e d  

in  6  g  of  c a s t o r   o i l   f o l l o w e d   by  t h o r o u g h   m i x i n g   by  use   of  a  

t h r e e - r o l l e r   m i l l .   A  0 . 2 5   g  p o r t i o n   of  the   t h u s   m i l l e d   s l u r r y  

was  w e i g h e d   i n t o   0 . 7 5   g  of  c a s t o r   o i l   and  f u l l y   d i s p e r s e d   by  u s e  

of  an  o i n t m e n t   s p a t u l a .   The  d i s p e r s i o n   f l u i d   was  a p p l i e d   to  t h e  

b l a c k   s u r f a c e   of  a  c o l o r   m a t c h i n g   p a n e l   in  a  t h i c k n e s s   of  0 . 0 7 6  

mm  by  use  of  an  a p p l i c a t o r   and  the   c o a t i n g   f i l m   was  s u b j e c t e d  

to  t he   m e a s u r e m e n t   of  t h e   r e f l e c t a n c e   by  use  of  a  c o l o r   a n a l y z e r  

Model  607  m a n u f a c t u r e d   by  H i t a c h i   L td .   The  r e s u l t s   of  the   m e a s u r e -  

men t s   a re   shown  in  FIGURE  50.  As  is  c l e a r   from  t he   f i g u r e ,   i t   i s  
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u n d e r s t o o d   t h a t   t he   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   of  t h e  

p r e s e n t   i n v e n t i o n   has   a  h i g h   t r a n s m i s s i v i t y   of  v i s i b l e   l i g h t   a n d ,  

m o r e o v e r ,   t h e   r e f l e c t a n c e   i s   low  in  t h e   b l u i s h   r a n g e   of  400  t o  

500  nm.  As  a  c o n s e q u e n c e   t h e r e o f ,   i t   i s   r e a s o n a b l e   t h a t   t h e   a m o r -  

phous   and  s p h e r i c a l   t i t a n i u m   o x i d e   d o e s   n o t   a p p e a r   p a l e - b l u i s h  

w h i l e   c o n v e n t i o n a l   t i t a n i u m   o x i d e s   a p p e a r   p a l e - b l u i s h .  

(4)  P e r f u m e   r e t e n t i v i t y  

C o m p a c t   r o u g e s   were   p r e p a r e d   e a c h   in   t h e   same  f o r m u l a t i o n  

as  d e s c r i b e d   in  A p p l i c a t i o n   E x a m p l e   7  and  t h e   p e r f u m e   r e t e n t i v i t y  

of  t he   c o m p a c t   r o u g e s   was  e v a l u a t e d   in  t h e   same  m e t h o d   as  in  Ap-  

p l i c a t i o n   E x a m p l e   7.  The  r e s u l t s   of  t h e   e v a l u a t i o n   a r e   shown  i n  

T a b l e   8 .  

As  i s   c l e a r   f rom  T a b l e   8,  t h e   c o m p a c t   r o u g e   by  use   of  t h e  

a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   of  t h e   p r e s e n t   i n v e n t i o n  

e x h i b i t e d   v e r y   h i g h   p e r f u m e   r e t e n t i v i t y .   The  p e r f u m e   r e t e n t i v i t y  

was  even   h i g h e r   when  t he   s p e c i f i c   s u r f a c e   a r e a   of  t he   a m o r p h o u s  

and  s p h e r i c a l   t i t a n i u m   o x i d e   was  l a r g e r .   The  r e a s o n   t h e r e f o r   i s  

p r e s u m a b l y   t h a t   t he   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e   i s  

p o r o u s   so  t h a t   t h e   p e r f u m e   i s   r e t a i n e d   in   t h e   p o r e s .  

(5)  A c t u a l   u s a b i l i t y  

Creams   were   p r e p a r e d   e a c h   in  t h e   same  f o r m u l a t i o n   as  d e -  

s c r i b e d   in  A p p l i c a t i o n   Example   4  and  t h e   a c t u a l   u s a b i l i t y   of  t h e  

c r e a m s   was  e x a m i n e d   in  the   same  m e t h o d   as  in  A p p l i c a t i o n   E x a m p l e  

4  to  make  e v a l u a t i o n   in  t he   same  c r i t e r i a .   The  r e s u l t s   of  t h e  

e v a l u a t i o n   a r e   shown  in  T a b l e   8.  As  i s   c l e a r   f rom  T a b l e   8,  t h e  

c r e a m s   by  use   of  t he   a m o r p h o u s   and  s p h e r i c a l   t i t a n i u m   o x i d e s   o f  

t he   p r e s e n t   i n v e n t i o n   were   o u t s t a n d i n g l y   e x c e l l e n t   in  t he   a c t u a l  

use   in  e a c h   of  t h e   " s p r e a d a b i l i t y "   ,  " a d h e s i o n " ,   " r e f r e s h i n g n e s s "  
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and  " o v e r a l l   e v a l u a t i o n " .  

FIGURES  51  to  63  show  the   e l e c t r o n   m i c r o p h o t o g r a p h s   ,  h i g h -  

m a g n i f i c a t i o n   e l e c t r o n   m i c r o p h o t o g r a p h s ,   e l e c t r o n   d i f f r a c t i o n  

d i a g r a m s   and  X - r a y   d i f f r a c t i o n   d i a g r a m s   of  t h e   t i t a n i u m   o x i d e s  

u s e d   in  A p p l i c a t i o n   E x a m p l e s   8  to  12  and  R e f e r e n c e   E x a m p l e   3 .  
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A p p l i c a t i o n   E x a m p l e   13  • 

The  same  p r o c e d u r e   as  in  A p p l i c a t i o n   E x a m p l e   1  was  u n d e r t a k e n  

e x c e p t   t h a t   t he   s p h e r i c a l   t i t a n i u m   o x i d e   h e r e   u s e d   was  t h a t   o b -  

t a i n e d   in  E x a m p l e   K .   FIGURE  64  shows  t h e   r e s u l t s   of  t he   m e a s u r e -  

ment   of  t h e   c o l o r   t o n e   in  t he   v i s i b l e   l i g h t .   As  i s   c l e a r   f rom  t h e  

f i g u r e ,   t he   t i t a n i u m   o x i d e   of  the   p r e s e n t   i n v e n t i o n   i s   s u p e r i o r  

in  t he   t r a n s p a r e n c y   to  the   f i n e   p a r t i c l e s   of  c o n v e n t i o n a l   t i t a n i u m  

o x i d e s   w h i c h   e x h i b i t   b l u i s h   t i n t .   FIGURE  63  shows  t h e   r e s u l t   o f  

the   X - r a y   d i f   f  r a c t o m e t r y   of  the   c o m p a r a t i v e   t i t a n i u m   o x i d e   ( t r a d e  

name  :  P-25  )  • 

R e f e r e n c e   E x a m p l e   4 .  

F o u n d a t i o n   c r e a m s   were  p r e p a r e d   in  the   f o r m u l a t i o n   shown  i n  

A p p l i c a t i o n   E x a m p l e   2  u s i n g ,   as  t h e   s p h e r i c a l   t i t a n i u m   o x i d e ,   (A) 

t he   a m o r p h o u s   t i t a n i u m   o x i d e   o b t a i n e d   in   E x a m p l e   8,  (B)  t he   t i -  

t a n i u m   o x i d e   as  a  m i x t u r e   of  the   a m o r p h o u s   and  a n a t a s e - t y p e   o n e  

o b t a i n e d   in  E x a m p l e   18  or  (C)  the   a n a t a s e - t y p e   t i t a n i u m   o x i d e   o b -  

t a i n e d   in  E x a m p l e   24  and  the   a b s o r b a n c e   t h e r e o f   was  m e a s u r e d   i n  

t he   same  m a n n e r .   For  c o m p a r i s o n ,   t he   same  p r o c e d u r e   was  u n d e r t a k e n  

by  use  of  (D)  t he   t i t a n i u m   o x i d e   of  DEGUSSA  Co,  West   G e r m a n y  

( t r a d e   name:  P - 2 5 )   and  (E)  t he   r u t i l e - t y p e   t i t a n i u m   o x i d e   o b t a i n e d  

by  the   c a l c i n a t i o n   of  the   P-25  a t   1200  °C  f o r   1  h o u r .   The  r e s u l t s  

of  m e a s u r e m e n t s   a r e   shown  in  FIGURE  65.  As  is   c l e a r   f rom  the   f i g -  

u r e ,   the   s p h e r i c a l   t i t a n i u m   o x i d e   of  t he   p r e s e n t   i n v e n t i o n   e x h i b i t s  

h i g h e r   a b s o r b a n c e   t h a n   the   c o n v e n t i o n a l   t i t a n i u m   o x i d e s   in  t h e  

v i c i n i t y   of  290  nm  w h i c h   is  the   wave  l e n g t h   of  u l t r a v i o l e t   l i g h t  

h a v i n g   the   s t r o n g e s t   b i o l o g i c a l   e f f e c t s .   T h i s   i s   p r e s u m a b l y   d u e  

to  t he   h i g h e r   d i s p e r s i b i l i t y   of  t he   i n v e n t i v e   t i t a n i u m   o x i d e   i n  

the   base   o i l s   of  c o s m e t i c s   as  a  r e s u l t   of  t he   d e f i n i t e   s p h e r i c a l  
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form  of  t h e   p a r t i c l e s   w i t h   a  n a r r o w   p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n .  

F u r t h e r ,   t h i s   s p h e r i c a l   t i t a n i u m   o x i d e   p r e s u m a b l y   has   a  s u r f a c e  

p r o p e r t y   w i t h   e x c e l l e n t   o p t i c a l   c h a r a c t e r i s t i c s   of  s c a t t e r i n g   o f  

u l t r a v i o l e t   l i g h t .  

R e f e r e n c e   E x a m p l e   5 .  

In  o r d e r   to  i n v e s t i g a t e   t h e   d i s p e r s i b i l i t y   of  t i t a n i u m   o x i d e s  

in  o i l s   w i d e l y   u s e d   as  a  b a s e   m a t e r i a l   of  c o s m e t i c s ,   t e s t s   w e r e  

u n d e r t a k e n   by  use   of  t he   t h r e e   k i n d s   of  t i t a n i u m   o x i d e s   (A),   (D) 

and  (E)  shown  in  t h e   a b o v e   d e s c r i b e d   R e f e r e n c e   E x a m p l e   4  h a v i n g  

d i f f e r e n t   c r y s t a l l i n e   f o r m s   b u t   e a c h   h a v i n g   t h e   same  p a r t i c l e  

d i a m e t e r   of  20  to  30  nm.  The  e x p e r i m e n t s   we re   u n d e r t a k e n   in  t h e  

same  m a n n e r   as  shown  in  R e f e r e n c e   E x a m p l e   1  .  The  r e s u l t s   a r e   s h o w n  

in  T a b l e   9 -  

T a b l e   9  

S a m p l e   L i q u i d   p a r a f f i n   S q u a l a n e   C a s t o r   o i l  

A  9  9  8 

D  3  3  4  

E  1  1 2  

As  i s   c l e a r   f rom  t h e   t a b l e ,   t h e   a m o r p h o u s   and  s p h e r i c a l   t i -  

t a n i u m   o x i d e   (A)  of  t h e   p r e s e n t   i n v e n t i o n   e x h i b i t e d   v e r y   g o o d  

d i s p e r s i b i l i t y   in  t h e   w i d e l y   u s e d   b a s e   o i l s   of  c o s m e t i c s .   The  

t r u e   s p e c i f i c   g r a v i t i e s   d e t e r m i n e d   in   t h e   same  manne r   as  in  R e -  

f e r e n c e   E x a m p l e   1  were   3-9   f o r   t h e   a n a t a s e - t y p e   (D),   4 . 2   f o r   t h e  

r u t i l e   t y p e   (E)  and  2 .9   f o r   t h e   a m o r p h o u s   one  ( A ) .  

A p p l i c a t i o n   E x a m p l e s   I4  to  1 8 .  

T e s t s   we re   u n d e r t a k e n   in   t he   m e t h o d   as  shown  in  A p p l i c a t i o n  



-  51  -  

0 - 2 1 4 3 0 8  

E x a m p l e s   8  to  12  by  u s e   of  t h e   f i n e   p a r t i c l e s   of   t h e   t h r e e '   k i n d s  

of  a m o r p h o u s   t i t a n i u m   o x i d e s   o b t a i n e d   in  E x a m p l e s   8,  10,  16,  18 

and  24.  The  r e s u l t s   a r e   shown  in  T a b l e   10.  The  t e s t   of  t h e  

t r a n s m i s s i v i t y   of  v i s i b l e   l i g h t   (3)  was  u n d e r t a k e n   by  use   of  t h e  

two  k i n d s   of  t h e   s p h e r i c a l   t i t a n i u m   o x i d e s   of  E x a m p l e   8  (A)  a n d  

E x a m p l e   24  (B)  h a v i n g   t h e   same  p a r t i c l e   d i a m e t e r   b u t   h a v i n g   d i f f e r -  

e n t   c r y s t a l l i n e   f o r m s   and   t h e   c o m p a r a t i v e   t i t a n i u m   o x i d e   (C) 

( t r a d e   name  P -25 )   .  The  r e s u l t s   a r e   shown  in  FIGURE  6 6 .  

As  i s   c l e a r   f rom  t h e   t a b l e ,   t h e   same  r e s u l t s   were   o b t a i n e d  

in  e a c h   of  t h e   t e s t i n g   r e s u l t s   as  in  t h e   c a s e s   of   A p p l i c a t i o n  

E x a m p l e s   8  to   12  and  R e f e r e n c e   E x a m p l e   3  to  i n d i c a t e   t h e   s u p e r i -  

o r i t y   of  t h e   i n v e n t i v e   t i t a n i u m   o x i d e .  
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P o s s i b i l i t y   of  i n d u s t r i a l   u t i l i z a t i o n  

By  v i r t u e   of  t h e   s p h e r i c a l   fo rm  and  t h e   v e r y   f i n e   p a r t i c l e  

d i a m e t e r ,   t h e   m e t a l   o x i d e   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n  

can  be  p l a c e d   a t   t h e   s e r v i c e   f o r   a  w ide   r a n g e   of  a p p l i c a t i o n s ,  

as  i s   r e p r e s e n t e d   by  t i t a n i u m   o x i d e ,   f o r   e x a m p l e ,   as  a  f i l l i n g  

m a t e r i a l   f o r   u l t r a v i o l e t   s c a t t e r i n g ,   a n t i - w e a r i n g   s o l i d   l u b r i c a n t ,  

b a s e   m a t e r i a l   of  c e r a m i c s ,   w h i t e   p i g m e n t ,   a d s o r b e n t ,   c a t a l y s t ,  

c a t a l y s t   c a r r i e r   and  t h e   l i k e .  
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CLAIMS 

1  .  U l t r a - f i n e   s p h e r i c a l   p a r t i c l e s   of  a  m e t a l   o x i d e   h a v i n g  

an  a v e r a g e   p a r t i c l e   d i a m e t e r   of  4.0  nm  or  s m a l l e r .  

2.  The  u l t r a - f i n e   p a r t i c l e s   of  a  m e t a l   o x i d e   a c c o r d i n g   t o  

c l a i m   1  w h e r e i n   t h e   m e t a l   o x i d e   i s   t i t a n i u m   o x i d e   or  z i r c o n i u m  

o x i d e   . 

3-  A  m e t h o d   f o r   the   p r e p a r a t i o n   of  u l t r a - f i n e   s p h e r i c a l  

p a r t i c l e s   of  a  m e t a l   o x i d e   h a v i n g   an  a v e r a g e   p a r t i c l e   d i a m e t e r  

of  4-0  nm  or  s m a l l e r   c h a r a c t e r i z e d   in  t h a t   a  v a p o r i z a b l e   m e t a l  

c o m p o u n d   i s   v a p o r i z e d   and  d e c o m p o s e d   u n d e r   h e a t i n g   to  g i v e  

u l t r a - f i n e   p a r t i c l e s   of  a  m e t a l   o x i d e ,   t h e   d e c o m p o s i t i o n   b e i n g  

i m m e d i a t e l y   f o l l o w e d   by  c o o l i n g   to  a  t e m p e r a t u r e   a t   w h i c h   c o a l e s -  

c e n c e   of  t h e   u l t r a - f i n e   p a r t i c l e s   of  t h e   m e t a l   o x i d e   no  l o n g e r  

t a k e s   p l a c e .  

4.  The  m e t h o d   f o r   t h e   p r e p a r a t i o n   a c c o r d i n g   to  c l a i m   3 

w h e r e i n   t h e   v a p o r i z a b l e   m e t a l   c o m p o u n d   i s   s e l e c t e d   f rom  the   g r o u p  

c o n s i s t i n g   of  t i t a n i u m   a l k o x i d e s ,   t i t a n i u m   h a l i d e s ,   z i r c o n i u m  

h a l i d e s ,   o r g a n i c   z i r c o n i u m   c o m p o u n d s   and  a l k o x i d e s   of  r a r e   e a r t h  

m e t a l s   . 

5.  The  m e t h o d   f o r   t he   p r e p a r a t i o n   a c c o r d i n g   to  c l a i m   3 

w h e r e i n   t h e   d e c o m p o s i t i o n   of  t h e   v a p o r i z a b l e   m e t a l   compound  i s  

p e r f o r m e d   u n d e r   h e a t i n g   in  t h e   p r e s e n c e   of  w a t e r   v a p o r .  

6.  The  m e t h o d   f o r   t he   p r e p a r a t i o n   a c c o r d i n g   to  c l a i m   5 

w h e r e i n   t h e   w a t e r   v a p o r   i s   p r e s e n t   in   an  a m o u n t   in  t he   r a n g e  

f rom  30  to   120  m o l e s   per   mole   of  t h e   v a p o r i z a b l e   m e t a l   c o m p o u n d .  

7.  The  m e t h o d   f o r   t h e   p r e p a r a t i o n   a c c o r d i n g   to  c l a i m   3 

w h e r e i n   t h e   d e c o m p o s i t i o n   of  t h e   v a p o r i z a b l e   m e t a l   compound  i s  
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—  -  _  uu.l  c  ii  u  o  e x c e e d i n g   ouu  U. 

8.  The  m e t h o d   f o r   the   p r e p a r a t i o n   a c c o r d i n g   to  c l a i m   3 
w h e r e i n   t h e   d e c o m p o s i t i o n   of  t he   v a p o r i z a b l e   m e t a l   c o m p o u n d   i s  
p e r f o r m e d   in  t h e   a b s e n c e   of  an  o x y g e n - c o n t a i n i n g   gas   in  t h e   a t -  

m o s p h e r e   . 

9-  The  m e t h o d   f o r   t he   p r e p a r a t i o n   a c c o r d i n g   to  c l a i m   3 
t h e r e i n   t he   m e t a l   o x i d e   f o r m e d   by  t he   d e c o m p o s i t i o n   of  t h e   v a p o r -  
i z a b l e   m e t a l   c o m p o u n d   is   i m m e d i a t e l y   c o o l e d   to  a  t e m p e r a t u r e   n o t  
j x c e e d i n g   100  ° C .  

10.  The  m e t h o d   f o r   t he   p r e p a r a t i o n   a c c o r d i n g   to  c l a i m   3 
r h e r e i n   t he   m e t a l   o x i d e   is  t i t a n i u m   o x i d e   or  z i r c o n i u m   o x i d e .  
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